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Suggestions as to the Methods of determining the Influence of Springs 
on the Temperature of a River, as illustrated by the Thames and 
its Tributaries. 

By H. B. GUPPY, M.B. 
(Commnnicated by F. G. Bayabd, LL.M., F.B.Met.Soc.) 



[Beoeived November Iflt.— Bead November 21st, 1894.] 

Some of the small tributaries of the Thames , like the MaldeD River^ and 
the Wandle, which are mainly fed by head-spriugs appearing at tlie sarfaoe, 
afford convenient opportonities for observing the influence of springs on 
river temperature. In suggestmg the following methods of investigation, I 
would remark that our acquaintance with the thermal economy of rivers, 
though much increased by Dr. Forster's recent admirable memoir,^ is not 
yet sufficiently exact to enable us to assign its true value to each of the lines 
of inquiry indicated below. Gthcr better plans will doubtless present them- 

1 Alffo known as the Ewell River and the Hogsmill. 

« •• Die Temperatar fliesaender Gewasaer Mitteleoropss " {Oeographinche Abhand- 
lungtH. Wien : band Y., heft 4, 1894). 
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22 OUPPY — BIVER TEMPBBATUBES. 

selyes to the minds of some, and it is probable that novel means will be dis 

cdpsed in the course of each investigation. 

I .•'•/"- (^0 ^y ^ comparison of the curves of the monthly means of the tempera 

;'\i,''iures of the air and of the water for the river under observation with those o 

••.^ - ' a river beyfmd the controlling influence of springs, 

. •' >. •. I assume for the rivers of this country, that is to say for rivers very smal 

I *••: • in size when compared with many continental rivers, that the limits of th 

i control of the springs aie passed when the curve of the water temperature 

is above that of the air all through the year, the difference being greatest ii 
summer, when it varies usually between 2^ and 4 ; and least in winter, whei 
the curves are only 1° or so apart. This is true not only for the Tliames a 
Greenwich within tidal influence,^ but it also applies to the same river a 
Kingston beyond the reach of the tides ; ' and it is true as well for th( 
more important of its tributaries at their mouths, if the Cherwell at Oxforc 
is a typical instance.' It is the general character of the *' Flachlandfliisse * 
of Dr. FOrster, rivers of this class being defined by him as warmer than th( 
air all throup^h the year. 

When, therefore, in the case of any of the Thames tributaries we find i 
marked departure from this rule, we must look for the disturbing cause ; ani 
if, as will generally happen, we can exclude those connected with a moimtaii 
course or an origin in a lake or a temporary disappearance under ground, w< 
must look to the springs for an explanation. Thus by comparing the accom 
panying charts of the cur res of the air and water temperatures for th( 
Cherwell at Oxford and the Kennet at Marlborough, both of them tributarie: 
of the Thames, we perceive that the Cherwell at its mouth has the thcrma 
regime of a river of the type above referred to, whilst the Kennet 10 mile 
from its source exhibits curves of a different typo. The Cherwell is waraiei 
than the air throughout the year, a character that would have been mor< 
strikingly illustrated in the diagram if the observations had been mad 
during the hour preceding noon, the time of mean temperature. On th 
other hand, the Kennet, during the summer half of the year, is a great dea 
cooler than the air. The Kennet at Marlborough is in fact an example o 
the ** Quellfliisse " of Dr. Forster, or, in other words, it is largely con 
trolled by the springs. It finds its representative in a tributary of tli 
Danube, the Ach, at Memmingen, the data for which, together with a chart o 
the curves, are to be found in Dr. Forster's monograph. 

(B.) By a comparison of the ranye of the monthly means* of the tempera 

1 Sir G. B. Airv in Proc. Roy. Sac. Lond. Vol. 34, These well known observation 
covered a period of 33 years. 
> From the writer's unpublished observations, which were continued for two years. 

* Mr. Chapman's series of ten years' observations, on the Cherwell, Brit. Ass. Re^ 

1891. 

* The range of the monthly means during a series of years is not the differenc 
between the months with the highest and lowest axerages; but it is great* r than thii^ 
as the hottest and coldest months vary considerably. It is estimated from the aggre 
gate of all the ranges. Calculated thus, it is 28°'9 instead of 26^*3 for the Thames a 
Greenwich ^33 years), and 28^*8 instead of 2&°'8 for the Cherwell at Oxford (10 years] 
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tur» o/ til* rirer under invatigalion leith that of a river beyond the rmitrol of 
the tpringt. 

This method is fonnded od the principle that the range would be very 
small at the sanroea, and wonld increase with distance from the springs as far 
KB the limit of their iuflaence. At the sonrcea the range would be probably 
E° or 6°. When tiie river reaches that part of its course where it paases 
from onder the control of its springs and becomes subject to the agenoies 
affecting atmoapherio temperature, the range of the monthly means in tiiie 

RIVER & AIR TEMPERATURES 
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country would he hetwoen 25° and 80°. The Thames and its trihutaries are 
well fitted for the application of this method. Mr. Bayard's observations on 
the Wandle springs' enable us to place the range of this smal! river at its 
sources at about 6°,' whilst the Cherwell at Oxford ranges about 29°, the 
Thames at Kuigston about 30°, and at Greenwich about 29°.' These data 
approximately determine the limits of the possible range of water tempera- 
ture for the Thames and its tributaries. IVhon, therefore, as in the case of 

' Some of the obBervstioDH were made oa springs at their exits, and others on 
■pring-led poola, so that the resutts are of a varied ehsracter, the ruigea oF the 
montblf menna differing greatly, the smalleat being undar 1° and the largeat as maah 
aa 17°. 

* The range ot the combined monthl; meana of the ten ipringa observed bf Hr. 
Ba;atd dnring thii ;ear commeDcing with Norember 1888 n lT°'S-43°'7. Thii gsntle- 
man tells me that on any given daj the mean of the ten Bpriags was fery near the 
temperature of (he Wandle at its commeiDeraent. His observattona, which extended 
over \H months, are referred to in Dr. Mill's Briliih Aitaeiatiim Jteporl, I8E>I. Tbejare 
giveu in fall b; Ur. Cashing in Froe. Croydon Na'. Hitl. Clui tor 1S91. 

* It sboald be noted that the obHTvationa at Oxford. Kingston, and Oreennioh covrr 
periods widely diffeieut in extent {vide n^a). 
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the Rennet at Marlborough,^ 10 miles from its sources, we find a tribntf 
with a range of only abont 12°, we may, if other influences are exclude 
attribute this result to the springs. 

Now the Eennet runs a course of about 50 statute miles before it joins t 
Thames ; and the question to be answered is, how far down the stream f 
its waters under the controlling influence of the springs. We have 8€ 
that spring influence is predominant 10 miles from the sources ; but sii 
the Cherwell is not under the control of the springs at its junction with t 
Thames after a course of nearly 40 miles, we may infer that the Kennet, lo 
before it joins the Thames at Reading, will be, like the Cherwell at Oxfoi 
freed from their sway. We can therefore surmise that a tributary of t 
Thames 40 to 50 miles in length throws ofi* the equalising influence of t 
springs before it joins the main stream. I will subsequently show tl 
smaller tributaries, like the Maiden River and the Wandle, which are resp< 
tively six and nine miles in length, and are chiefly fed by head-sprins^, f 
under the control of the springs for the whole of their courses. 

Beverley Brook, another affluent of the Thames, about nine miles 
length, is far less under the influence of head-springs than the two rivers ji 
mentioned. In its upper course it becomes very low in summer ; and 
fact when it reaches the outskirts of Wimbledon Common, about five mi 
from its month, its temperature is regulated by the atmospheric agencies, 
that, judging from a few observations which I have made, the range of 
monthi}' means would there be quite 80°. As it flows past the Common a 
through Kingston Vale it receives a considerable accession of water frc 
perennial rills and subsoil oozings, so that its temperature becomes th( 
very irregular. But their effect is evanescent ; and probably enough, 
summer, its temperature at the mouth will be as high as, or higher than, t 
temperature of the Thames. 

The Mole, a Thames tributary, about 25 miles in length, would appei 
from some observations which I have made in different seasons of the yet 
to exhibit a range of monthly mean temperatures 2° or 8° less than that 
the main river. The principal difference occurs in summer, when, near i 
mouth, it is usually 2° or 8° cooler than the Thames. Now it is at tl 
season in particular that the Mole pursues a subterranean course for a mi 
or two under Box Hill," some 17 miles along its banks from the mouth ; ai 
it is to this circumstance rather than to the effect of the head-springs that 
owes its comparative coolnnss on nearing the Thames. 

^ The range of the monthly moans of the Kennet at MarlhoroDgh in 1889 was 41 
(February) to 6i°?. (June), or r2°*6. The Cherwell at Uxford in the same year htu. 
range of 27°*4, the difference between 37°*3 in December and 64°*7 in July. The < 
8erva»ions for botli rivers wore made at 9 a.m. Those for the Kennet were iindertHk 
ii by Messrs. W. and H. Maurice, and the results are given in Dr. Mill's Brittsh Axsoci 

- tion Report, 1891. Other rivers dealt with in this report, such as the Stour at Cant< 

bury, afford evidence of spring control in the limited range of the monthly means. 

* It would be of interest to determine the difference between the temperature of t 
river as it disappears in the " swallows '* and its temperature when it reappears. 
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Looking at these data relating to six Thames tributaries, the Cherwell, the 
Kennet, the Mole, the Maiden River, Beverley Brook, and the Wandle, I 
should consider that affluents mainly fed by head -springs and up to 10 miles 
in length never get beyond the control of the temperature of the springs ; 
that those 26 miles long are able to free themselves from their sway ; and 
that rivers 40 to 50 miles in length are not affected by the springs beyond 
the upper half of their course. 

The range of the monthly means for any of our rivers may be readily 
obtained' by taking observations every other day in December, January, and 
February, and in June, July, and August, at 11 a.m. in summer and at 
noon in winter. 

(C.) By a camparUon of the range of the monthly means of the river 
temperature mth that of the air in the shade. 

A river of the flat country in England, when free from disturbing influences, 
will be near the temperature of the air in winter, but in summer it will 
be usually from 2° to 4° warmer than the air, so that the range of the 
monthly means for the river will be rather greater than that for the air. 
Therefore, when we find the water-range markedly less, we must look out for 
the disturbing cause ; and if we are able to exclude those arising from a moun- 
tain or a subterranean course or from an origin in a lake, we are at liberty to 
consider such an efiect to be due to the controlling influence of springs. 
This method is, of course, included in that relating to the comparisons of the 
curves of the air and water temperatures, the method A of this paper ; but 
I have given it a separate place because observations need only be taken in 
the winter and summer months named under method B. As it has been 
already illustrated, I shall merely give emphasis to its utility by directing 
attention to the diagrams for the Cherwell and the Kennet. 

(D.) By comparing the daily range of water temperature at different sta- 
tions along a river* s course. 

This would be almost nothing at the springs, and would gradually increase 
with distance run until the limit of spring influence is passed, when it would 
become more or less stable. Such is the behaviour of spring-brooks and 
perennial rills,' and we cannot doubt also of several of the tributaries of the 
Thames. This method to be persistently carried out would involve consider* 
able trouble ; but employed in a limited fashion, it would be a valuable pre- 
liminary test. Only four or five sets of observations would then be required, 
and in rivers where springs control the temperature for several miles, the 
stations should be a mile or so apart ; but in streams or small rivers, where 
the observer can within an hour-and-a-half visit ail the stations, one person 
can efficiently carry out the scheme, since in that interval the water tempera- 
ture would but slightly change. Fine weather should be selected, and each 
set of observations ought to consist of three in the 24 hours, namely, during 

^ This subject is dealt with by the author in Proc, Roy, Phyt. Soe. Edin, January 
1894. 
* I have discussed this matter in Science GosHp for October 1894. 
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the hoar following'sunrise, between 8 and 4 p.m., and at the following sun- 
rise ; or the series could begin in the afternoon. The corresponding mini- 
mum and maximum temperatures of the air in the shade should be at the 
same time noted ; but, in the absence of self-recording instruments, obser- 
vations with an ordinary thermometer at sunrise and at 2 p.m. would give 
approximate results. 

I may remark that this method is by no means the simple plan it at first 
appears to be. Hot days and cool nights, with the consequent great diurnal 
range of air temperature, afford the best conditions, and the temperature of 
the river at its sources should be about that of the daily mean of the air. 
For instance, with the air ranging between 40^ and 65° and the river at its 
sources about 52^ ; circumstances we might expect to Und early in May or 
early in October ; we ought to get good results. In the middle of summer, 
when the air minimum and the temperature of the springs would be near 
rogether, the observations would have to be restricted to the determination 
of one of the elements of the daily range, namely the rise.* 

(E.) By a comparison of sunrise observations made at dij'ercnt stations 
along ths river's course. 

In settled weather during the warm half of the year an ordinary river un- 
contrdled by springs is at sunrise several degrees warmer than the air. This 
is a well-known feature of river temperature, to which I have referred in the 
paper before quoted. For instance, in the case of the Thames at Kingston, 
;! I have found the difference to be frequently over 10^. At this hour, how- 

I ever, the temperature of a river under the influence of springs would be 

I much nearer the air minimum and might even be lower. In winter the 

effect of springs would be to increase greatly the usual excess of the tem- 
perature of the river over that of the air. Four or five sets of observations, 
a week or so apart, would answer every purpose of a preliminary test ; and 
in rivers where springs extend their influence for several miles, simultaneous 
observations should be made b}' different observers a mile or two apart ; but 
in ordinary streams one observer could do it all in an hour's walk from the 
springs. 

(F.) By a comparison of observations made at different stations alony the 
river's course at the h§ur of nuLvimum temperature, 2 pjn, in xcinter and 
between 3 and 4 p.m. in summer. 

This method should be carried out in the manner just mentioned under 
method (E), namely, by simultaneous observations at stations a mile or so 
apart for rivers like the Kennet or the Wandle, or by a single observer in 
the case of brooks or streams. A hot summer afternoon and a frosty day in 
winter should be chosen for the purpose, the seasons of spring and autumn 




^ The daily range of river temperature and the time of obserTation ard di^ca88cd in 
my paper in Proc. Roy, Phy$. Soe. Edin , Jan. 1894. The matter is ably handled by 
Dr. Forster in Geography AbhandL, Wien, band V. heft 4, 1894. The mean daily raoge 
of the Thames at Greenwioh is 2*»*1, and at Kingston about l°-6. In tributeries of the 
Thames beyond the control of the springs it would be probably not under 4*^ for the 
year's average, and as much as 6^ in July, and as little as S° in winter. 
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being less suitable, since at those periods the temperatures of a rivei within 
and beyond the control of the springs are not far removed. It is scarcely 
necessary to point out that in winter the river temperature would fall with 
distance from the springs ; whilst in summer it would increase, the change 
proceeding in either case until a constant temperature betokens the limit of 
their influence. 

(G.) By the comparison of the results obtained from a single series of 
observations made in one day along the whole course of a small tributary like 
the Wnndle, or along the upper course of a larger tributary as the Kennet, 

This plan, which can be accomplished in a day*s walk, is a rough and 
ready method that might be useful in first examining a river with a view to 
a more systematic inquiry. The seasons when the constant temperature of 
the river beyond the control of the springs is farthest apart from the tem- 
perature of the sources, namely in the middle of winter and the middle of 
summer, should be selected ; and the main stream, in this case the Thames, 
will a£ford a valuable means of comparison. I have put this method into 
practice in the instances of the Wandle and the Maiden River, the results 
being given in Tables I. and II. For the observations on the Wandle springs 
I am entirely indebted to the courtesy of Mr. Bayard, who took me to the 
various localities. 

With regard to the Wandle series, the coolness of the river, relatively to 
the Thames, along the whole of its course is apparent. The fall of tem- 
perature in the middle third of the series is due probably to those observa- 
tions being made in the forenoon, while those of the upper third were 
made in the afternoon. The rise of the temperature near the mouth is doubtless 
the effect of the accumulation of the water above the dam, whereby an element 
of pond rigime is introduced, namely a higher plane of temperature. The 
low atmospheric temperature of the previous night introduced another dis- 
turbing cause, as it would affect the Wandle more than the Thames ; but 
judging from my observations on the diurnal range of the Mole and the 
Maiden River, this would not account for more than 2° of the difference. 
After allowing, however, for a rise in the temperature of the Wandle as the 
day progressed, and for a slight increase in that of the Thames, I arrive at 
the conclusion that the Waudle during the afternoon would not have had a 
higher temperature than 56° in any part of its course, whilst the Thames 
temperature would have been about 61°. By stating it in this way the dis- 
turbing causes are eliminated to a great extent, since the elevation of tem- 
perature due to the dam at the mouth is no doubt counterbalanced by the 
greater nocturnal cooling of the Wandle as compared with the Thames. 
The most satisfactory plan of carrying out this series of observations in 
summer would be to leave Hackbridge at 1 p.m., arriving at the Thames 
not later than 6 p.m. By this means we should be able to disregard the 
uncertain element of the daily rise of temperature. Wo should be observing 
the Wandle during the heat of the afternoon, and the Thames on our 
arrival would be still at its maximum. In winter the method would have to be 
adapted to the shortness of the day ; but the daily rise of river temperature 
would on a cold frosty day be almoit absent. 



6 



OtJPPV — RtVSB TSMPEBATURKSi 



!; 



I 



TABLE I.— TxMPSiuTUBB op the Wamdle Biyeb on Sbptkmbeb 4TH, 1894. 

Average rate of curreDt i foot per second. Usual depth 2 to ^ feet. Average width 
50 or 60 feet. Weather fairly sunny to 2 p.m. Air in the shade at Kingston 
41*^— 6i^ The Wandle proper beginn a few hundred yards above Hackbridge at 
the junction of the Croydon and Carshalton branehes. 



Time. 


River. Locality. 


S B'B 


• 

BS 

c2 2 






'^^^ 


1 


1 


1 


Miles. 


1 
1 


j 7.15 a.m. 


Thames < Kingston (above tidal influence) 


• • 


59*li 


: 8.30 „ 


Thames | Wandsworth Pier (tide ebbing) 


• • 


6o-6l 


1 9.0 „ 


Wandle Dam close to mouth 


\ 


^ 


54-8; 


i 9.X5 » 


\ High Street, Wandsworth 


■ 


1 


54*4 


1 9-45 .. 


„ DuntshiU, below railway 


I 


r 


52-8 


10.15 »» 


t* 


Plough Lane, Oarratt 


2 

1 


528 


11.0 „ 


II 


Merton Abbey 


3f 


527 


II. 15 „ 


II 


About 500 ^ards above Merton Abbey, 

bv roadside 
Bridge, Mitcham, to Sutton Hoad, 


4 


527 


12.30 |p.m. 


fi 


5i 


537 






near Ravensbury Park 






1.0 „ 


n 


Beddin^n Comer 


6i 


540 


1-45 M 


If 


Hackbndge, ^00 yards below junction 
of the two head branches 


7 


53*5 










2.0 „ 


Carshalton Branch 
of the Wandle 


About 300 yards above junction, be> 
low railway 


7J 


549 


M5 .. 


Croydon Branch of 
the Wandle 


About a third of a mile above junc- 
tion 


7i 


54-0 






r Park Wall. Phillpott's Comer 
Park Wall, Haydon's Comer 


• • 


580 




Springs of the Car- 


• . 


55-8 


4.0-4.30 


shalton Branch 


- Lower Pond Steps 


8 to 8i, 51-1 




of the Wandle 


Waterhouse Pool 


• • 


508 






.Upper Pond, C. House Stream 


• • 


52-2 






f Wellington Comer 


• • 


52*6 




Springs of the 


Smee*s Mill I. 


• • 


54-8 


4-45-5- 15 


Croydon Branch 


- Smee's Mill II. 


8t09 


522 




of the Wandle 


Ellis Road Stream 


• • 


53*4 






L Ellis Stream 


• • 


518 



NoTB. — The mean of the temperature of the springs is 53^*3. In several cases the 
temperature is not thai of the spring at its exit, but of the spring water issuing from 
a pooL Although the initial temperature of the Wandle is considerably a£Fected by 
the artificial pools and ponds at the sources, it is probable that without man*8 aid this 
river would mainly rise from spring-fed pools. 




Whilst the Wandle is fed by its head- springs, and does not increase much 
in bulk on its way to the Thames, the Maiden River, which is scarcely half 
its size, is joined by three lesser tributaries in its course, and gains con- 
siderably in dimensions as it approaches the Thames. For these reasons 
the Wandle is far better suited for this investigation. My observations on 
the Maiden River were confined to the main stream, and to one of the 
principal sources in the midst of the village of Ewell. Of the temperatures 
of the tributaries I learned nothing, except in so far as they found expres- 
sion in that of the main stream. The series, however, plainly shows that 
the Maiden River is able to carry the cool waters of its springs into the 
Thames. It rarely does so, however, to any considerable extent, since by 
the intervention of a mill it expands into a deep pool at its mouth, the 
surface waters of which arc readily heated. The Maiden River is in fact a 
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TABLE II. — TXMPEBATUBB OF THX MaLDBN BiVEB (aLSO KNOWN AS THE EWBLL BlVEB 

AND THE HoOSMZLL), ON AUOUST 3OTH, 1894. 

Average rate of currrent i foot in two seconds. Usnal depth z to 2 feet. Average 
width 20 feet. Hot sunny weather. Air in the shade 51°— 73°. 



Time. 



Biver. 



Locality. 



,2.15 p.m. ' Ewell Springs 



)i 



ti 



It 



3-0 

3-45 

4-45 

4.15 

5.30 

6.0 
6.15 



n 
)( 
II 

II 
It 

It 
II 



Maiden Biver 



'ft 



o 



It 

tt 
♦I 
11 



It 

It 



II 



•I II 

Thames 



Ewell village 

Exit from first pool 

Exit from second pool 

Bailway arch 

Boxley Form 

Sarbiton to Ewell road 

Maiden Church 

Quarter mile above South-VVestern 

Bailway 
Oil Mill Lane, Elingston 
Kmgston 



Miles. 
6 

5i 

II 

4} 
3} 
3 
I* 



a 



M 





«* (8 



51-5 

53*5 

57'5 
580 

585 
590 

59*3 
59-8 

606 
64*6 



much afflicted stream in this respect, even more so than the Wandle. It is 
to be noted in my observations that the water gained QP in temperature by 
passing through the broad shallow pools in connection with the mills in the 
village of Ewell. If allowed to run free from its springs to the Thames, 
this tributary would doubtless reach that river 8°, instead of, as on this oc- 
casion, 4° cooler than the Thames. I have already remarked that the 
temperature of the head waters of the Wandle is influenced by ponds at the 
sources. 

(H.) By determining the distance from its sources at which the river begins 
to freeze. 

Here observation can bo supplemented by the experience of residents and 
from the local histories. The old county histories, whilst noting the inability 
of the Wandle to freeze in the upper part of its course, attribute it to the 
influence of the mills. Though the mills can afford no explanation, their 
records may be worth while examining. I have been informed that the 
Maiden River, which is stated never to freeze at Roxley Farm a mile-and-a- 
half from its sources, rarely freezes at Maiden, a mile-and-a-half lower 
down, and then only at the edges. 

I will conclude this paper with some remarks on the thermometer used and 
on the mode of investigation. The instrument I employed was a bath ther- 
mometer of the Admiralty pattern, such as is used on board Her Majesty's 
ships for sea temperatures. It was supplied to me by Messrs. Negretti and 
Zambra, accompanied by a Kew certificate, and is graduated to degrees on 
the stem. Not every bath thermometer will stand the test of an ordinary 
Bonrise observation of the temperature of a river. Here the instrument 
has often to be pulled up 6 or 8 feet through air 10° or 12° cooler than 
the water, with perhaps a frcnh breeze blowing. To get a correct result 
under such circumstances, the bulb umst bo rolativuly small and deeply set 
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and the pocket capacious ; and before finally selecting a thermometer it 
should be put to this test by an experiment at home, instruments with large 
bulbs and small shallow pockets are liable to fail. 

It will be best, as far as possible, to make all the observations in mid> 
stream, and at a depth of from 18 inches to 2 feet, though, as a matter of 
fact, these precautions are really necessary only in the case of very sluggish 
rivers. It has been established by Dr. Forster and the present writer that 
rivers running free, with a current, say of a mile an hour, exhibit nearly the 
same temperature in depth and breadth. The matter is more often one of 
access and convenience ; and for our own rivers, usually, it should be re- 
marked, of a very sluggish type, marginal observations are only reliable 
when the water is moving well with the current. Slack waters in shallow 
places heat up rapidly, and back-waters, except where the depth is considerable, 
should be avoided. In case of doubt, an observer could, on a hot summer 
day, readily find a suitable observing station by the aid of his thermometer. 
The time of immersion, which varies for each instrument, should be ascer- 
tained by experiment, some thermometers requiring as much as five minutes, 
others as little as two or three minutes. For determining the daily range 
the employment of continuously immersed maximum and minimum thermo- 
meters would, in a river like the Wandle, be impracticable, except in private 
waters My experience of them has been very slight. 






DISCUSSION. 

The President (Mr. R. Inwards) said that this paper was rather one of 
BUfirgGstions for future observations than a statement of results of any investiga- 
tion already completed. He thought that exceptional facilities for making 
observations of river temperatures with renpect to springs were afforded after a 
long drought, as then the flow would almost entirely consist of spring water. 
The temperatures could be corrected by comparison with those of pond water in 
the vicinity. 

Dr. R. Barnes pointed out that the author had omitted to state at what depth 
below the surface of the water the temperatures were observed, as on a hot 
summer day the surface temperature of a stream was commonly higher than that 
at a depth of 8 or 4 feet. Bain, especially heavy rain, exercised an influence upon 
the temperature of streams by causing a layer of warmer water to accumulate 
on the surface. The influence of snow must also be noted. It was important, 
too, that the depth of the water should be noted, shallow streams bein^ subject 
to greater fluctuations of temperature than those in which the water was deep. 

Mr. G. Chatterton thought that the temperatures given in Table I. were of 
very little value, as considerable quantities of purified sewage from Wimbledon 
and Croydon were discharged daily into the river Wandle, and this sewage being 
at a much higher temperature than the river water, would quite mask the real 
temperature of the natural river. 

Mr. R. W. P. Birch said that the paper put forward so many views that it 
required careful perusal before discussion, but he thought all that could be said 
at present concerning the temperature of rivers was that it was most equable 
near the springs which form them. 

Mr. W. B. Tripp remarked that it would be interesting if observations of the 
temperature of the dew point were taken in connection with the surface tempe- 
rature of rivers. He had noticed in hot climates that the temperature of the 
water was at times below the dew point temperature. 

Mr. H. SoUTHALL said that exposed rocks in a shallow stream considerably 
influenced the temperature of the water, as in hot weather the rocks became 
»tly heated. The Biver Wye, owing to the influence of rocks, rose to a very 
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high temperature in hot weather, and he had known the water to reach a tem- 
perature of 81°. It appeared desirable to know the character of a river as 
regarded its surroundings when considering the temperature of its waters. 



NOTE ON SOME EFFECTS OF THE GALE IN THE HIGHLANDS OF 
SCOTLAND ON NOVEMBER 17th AND 18th, 1893. 

By eric STUART BRUCE, M.A., F.R.Met.Soc. 



[Received October 4th.— Bead November Qlst, 1894.] 

While spending my summer holidays in Perthshire, I had occasion to 
witness the disastrous effects of the great gale of November 1898 upon the 
trees in some parts of that county. The storm has been fully chronicled in 
the paper read before the Society by Mr. C. Harding on December 20th, 
1893.^ It may, however, be of interest to show some photographs descrip- 
tive of the destruction of trees in Perthshire, especially in the valley of the 
Tummel, where I believe the storm wreaked its greatest violence. I am 
enabled to show these photographs by the kindness of some of the landed 
proprietors in the district affected, who gave me facilities for obtaining them. 
Most of the ravages depicted in the photographs were done on the night of 
November 17th and early morning of the 18th. [These photographs were 
shown to the Meeting, but are not reproduced here.] 

There could be no better example of the violence of the gale than the 
immediate surroundings of Lude House, Blair Atholc, the residence of Mr. 
W. Mclnroy, once situated in picturesque woods, but now amidst a scene of 
desolation. It is no exaggeration to say that there is not a single tree in the 
picture that is whole. Passing to another part of the same property, the 
trunk shown in the photograph has been peculiarly doubled up by the wind. 
Some one has well described the gale as having blown the trees to pieces, 
and this is a very true description of its effects on several trees which I have 
seen, whose trunks are split and shivered as if a charge of dynamite had 
been exploded in their midst. 

Dr. Rankin, in his letter to the Scotsman,^ describes a curious incident 
illustrative of the force of the wind. ** A slate was carried 80 yards from 
the roof of a joiner*s house with such violence that it cut through the stem 
of a young fir tree and fell at the foot of it.*' 

The view also shows the partly demolished roof of the shed. Other 
photographs, also on the same estate, represent the downfall and wreckage 
of several fine trees. 

^ Quarterly Journal^ Vol. XX., p. 43, 
> HcoUman, Nov. 22nd and 26th, 1893. 
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The beautiful grounds of the Athole Hydropathic Establishment at 
Pitlochry suffered much from the gale. By the kindness of Mr. Macdonald, 
the proprietor, I can show some photographs taken the morning after the 
damage was dune. 1. The lawn tennis ground, showing how the tree with 
the lawn tennis notice attached to it carried the circular seat with it. 2. A 
whole row of fir trees fallen along the side of a path. 8. The downfall of 
another tree with its circular seat. 4. Large fallen tree. 5. Mass of tree 
debris. 6. The effects of the gale looking towards the steps on the path 
from the hydropathic establishment. 

Many of the trees blown down were found lying in different directions, 
thus pointing out that the direction of the wind changed during the violence 
of the storm. Messrs. Omond and Rankin have kindly supplied me with the 
observations at the Ben Nevis observatory as to direction, force, and velocity 
of the wind from 6 p.m. on November 17th to 6 p.m. on the 18th. Though 
the observatory is not very near the district depicted in the photographs, and 
the observations are taken at a considerable elevation, it may be of interest 
to refer to them. 

The figures indicate that the direction of the wind was very variable during 
the early morning hours of November 18th. At 1 a.m. it was North-east ; at 
2 a.m. North ; at 8 a.m. variable ; at 4 a.m. variable ; at 5 a.m. East-south- 
east ; and at 6 a.m. North-east again. So it is not a matter of surprise that 
trees were found lying in different directions in several parts of the highlands. 
It is possible that in some cases the varying directions may have been due to 
the *' rebounding " of the wind from hill- sides, as suggested by Dr. Rankin 
in his letter referred to above. A change of direction was also noticed in the 
woods of Drumlanrig after the gale of January 26th, 1884. The Ben Nevis 
observations also show the squally nature of the gale making it impossible to 
assign any one value to the force. For instance, the velocity in miles per 
hour for 9 p.m. November 17th is put down as 81 to 85 ; for 10 p.m., 89 to 
85 ; 11 p.m., 21 to 78 ; for midnight, 21 to 85. 

It is highly creditable to the enterprise and skill of Mr. Macdonald that 
some 800 of the trees blown down on his property have been replanted, and> 
being temporarily supported by galvanised wire, are now thriving. It is a 
pity that a similar course of action was not taken by some of the other 
landed proprietors, especially in such spots as the pass of Killicrankie. It 
is no exaggeration to say that during the gale whole woods were swept away, 
leaving only the carcases of trees. Such was the fate of the wood at 
Strathgarry, Killicrankie. (Photograph shown.) At the celebrated pass of 
Killicrankie the destruction is not so formidable as in some other parts, but 
still much of the summer beauty of the pass is now marred by the ugly gaps 
in what was before an unbroken mass of verdure (photograph shown). 

In looking at the partial disfiguration of this historic spot, I was forcibly 
reminded of a similar catastrophe, in the classic broad walk at Christ Church 
College, Oxford, some 15 years ago. I obtained some photographs descrip- 
tive of the damage at the time, and, in conclasion, it may be of interest to 
show them to the Meeting. I am unable to remember the exact date of the 
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storm. Mr. Stone, of the Radcliffe Observatory at Oxford, writes to me 
that he is under the impression that the date was October 14th, 1881, when 
the highest velocity recorded was 68 miles, bat I have reason to believe it 
was an earlier date than this. 



DISCUSSION. 

Mr. G. Harding said that it would be interesting to know in what general 
direotion the trees lay on the ^ound. Judging bv the movements of the depres- 
sion which occasioned the gsJe, he presumed tnat it was the Northerly wind 
that caused the most destruction. The neatest hourly velocity (96 miles) 
recorded by the anemometer at Deemess, Orkney, during this gale was the highest 
ever known. 

Mr. H. Harries said he had been informed by a gentleman who had been 
visiting the eastern districts of Scotland that the destruction of trees on that 
side was immense, but what was locally observed as the curious feature of the 
event was that the trees were laid from the North-westward, a very unusual 
direction for heavy gales in that district, being generally Southerly or South- 
easterly. It was, therefore, thought that the damage was due not so much to 
the strength of the wind as to the fact that the trees were struck on their weakest 
side. It will be remembered that this gale, which was at first from the normal 
Southerly direction, suddenly burst from the North-west quarter when the 
centre of the disturbance began to move Southward along the east coast of 
Scotland. 

Mr. R. Cooke remarked that he had once observed a curious effect of a gale 
in a hop garden, no poles being disturbed round the edges of the garden, while 
in the middle they were blown down in all directions. This was considered to 
be due to the undulatory motion of the gale, and may perhaps account for the 
curious effect of a storm in a forest, one tree being taken and another left. 



HISTORY OF A WATERSPOUT. 

By ALFRED B. WOLLASTON. 
(Communicated by Robert H. Soott, F.R.S.) 



[Received Jaly 12th— Read November 2lBt, 1891.] 

Some years since (1840 or 1841), when senior officer of the watch on 
board a large East Indiaman (the Vaiisittart), then in the eastern part of 
the Bay of Bengal, I noticed a peculiar disturbance of the water, which had 
the appearance of being forc«d up in innumerable small jets, covering an 
area of fully 400 yards in diameter, through which we were slowly passing 
with a light steady breeze only sufficient to give the vessel steerage way. 
The sky was absolutely cloudless. These jets rapidly increased in number 
and force, throwing up vapour, like steam, and seeming to revolve and draw 
towards a centre. When this action had continued for a short time, and a 
dense column of steam was rising, a small cloud became visible immediately 
above : its centre reaching downwards. When the two columns united a 
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magnificent waterspout resulted, rapidly rotating. Dense clouds rapidly 
overshadowed us. Bain fell in torrents. The wind freshened for a short 
time and again fell light. In less than half an hour all symptoms of any 
disturbance had ceased. 

One feature out of many others was, that the concentrating jets, although 
they had produced a pile of foam, did not immediately develop into a visible 
column. I venture the suggestion that, as with the cloud overhead, it was 
only by condensation of its circumfluent vapour that it became so. It was 
never so dense as to entirely obscure the horizon when viewed through a 
telescope. The interior seemed to be rising infinitely more rapidly than the 
exterior. Constant flashes of flame-like vapour were l)eing violently 
whirled up. 

I would mention that I know of one other instance of the sea being dis- 
turbed in a similar manner over a much larger area, but the jets did not 
gyrate and no waterspout resulted. 




DISCUSSION. 

Mr. R. J. Lbcky, in a letter to Mr. Scott, said : — *' Mr. WoUaston appears to 
be dubious as to the formation of this grand phenomenon. He suggests elec- 
tricity, and so far, doubtless, he is right. I may, however, explain my views by 
an examination of this special case. The ship is, on a fine clear morning, in the 
eastern side of the Bay of Bengal (which in the rainy season is perhaps the 
wettest part of the globe), and with an upper atmosphere which, from the data 
you have kindly sent me, must have contained from eighty to ninety thousand 
tons of water, in solution, to each cube mile. An isolated mass of this atmo- 
sphere, many miles in extent, becomes electrified in a high state of tension, 
exactly as is the case in one of our common thunderstorms (the cloud formation 
being an after-consideration), and, in the same way, induces the contrary state 
in surface of the eanh or sea : these two electric states approaching until the 
favourable place and time arrive for the discharge, when the upward current, 
meeting with resistance from the mobile sea surface, develops heat sufficient to 
cause the appearance of steam, which it carries with it as it ascends to join the 
other electric state. This latter descending, carries with it saturated atmosphere 
sufficient to form the small cloud, which is seen to meet the ascendmg current. 
The junction is then complete, condensation speedily follows, the black cloud is 
formed, and the descending electric current carries with it a dense column of 
rain, as a waterspout, confined to the comparatively small area of the point of 
discharge. The currents become mutually nullified, the actual column of water 
breaks up, and the discharge of rain becomes general. I alluded to our ordinary 
thunderstorms being produced in their early stages by similar causes to the 
above. When the electric influence is in a sufficient state of tension, the dis- 
charge is more acute, and when meeting resistance the heat, so instantaneously 
developed, produces those effects falsely attributed to the lightning Hsish, which 
itself is only an after result. Whirlwinds also are produced by the same cause, 
but the current is of much larger volume, and the intensity very much reduced. 
The mode by which these isolated masses of the upper atmosphere receive their 
charge of electricity is a difficult siibject to put into simple form, but to those 
who have studied the action of the Ley den jar, or, better still, the coated sheet 
of glass (the same in principle), can easily understand how the electricity of the 
surface of the earth acts by induction on the upper atmosphere, producing the 
opposite state of electrical influence ; and in this case the earth may, for the 
nonce, be considered as a grand electrical machine, and the dry lower atmosphere 
as the intervening di-electric." 

Mr. R. H. ScoTT read the following notes on Waterspouts which had been 
extracted from unpubUshed ships' logs in the possession of the Meteorological 
Office ;— 
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August 20th, 1865, Crest of the Wave, Captain John Steele. — At 7 a.m., when 
in lat. 85°-50' N., long. 19°-42' E., or 188 miles W. i S. from Cape Matapan, 
passed mider a waterspout. At 6 a.m. heavy squall-like cloud forming 
at south east and north-west, a waterspout forming at east end of South- 
east squall, and another at west end of North-west squall, both squalls 
closing upon the ship. Up to thin time the weather had been clear, with 
an almost cloudless sky and light but steady wind from West- south-west. All 
studding sails had been set during the night. At 6.30 took in studding sails and 
all light sails, hauled up courses, and stood by topsail haulyards and jib down haul. 
Waterspout now near at hand direct ahead, and coming fast upon us. Let 6y top- 
sail haulyards, and had got the jib about half down when it struck us on the port 
bow, filling staysail and jib to starboard but pressing fore yard far aback. In 
another instant filling head yards and pressing main yard aback and again 
throwing main and mizen yards full and aback at the same instant, whirling 
along port side with a violent gust and round the stem with a loud noise, throw- 
ing water into the stern windows as it passed. A moment after there was a 
c^fm, then heavy gusts succeeded by a hea^^ squall and much rain from east- 
south-east. 

" The waterspout waved and bent to the whirling wind, and in its action was 
like a huge transparent chimney in which the water, * smoke like,' was curling 
its way to heaven. I had time to view it, and was much struck with the curling 
vapour rolling up its glass-like tube. I have heard it stated that anybody pass- 
ing through a waterspout would burst it ; this one had half its base acting upon 
my ship, but still remained perfect in form and action.'* 

October 26th, 1855. }[edioay, Captain J. B. Kennedy, lat. 6°-18' N., long. 
24^*21' W. — 9 a.m. saw a strange circular motion of the water close to us ; it 
was like an eddy in a tide way, or like the motion of the water in a whirlwind ; 
it was going very slowly to the north, in the teeth of a faint air from the North- 
ward. When about a quarter of a mile from us it turned into a regular whirl- 
wind. I could not perceive any motion in the clouds, nor any sign of wind near 
it. About a quarter of an hour after this the wind fiew roimd to the South- 
south-east in a sharp squall, with heavy rain.'* 

December 10th, 1858. Medicay, Captain J. B. Kennedy, lat. 6°-7' N., long. 
85^*40' E. — Several waterspouts about. They make up on the surface of the 
water, like a whale blowing, and then connect themselves with a cloud (nimbus) 
above them, leaving a break between them. 

Mr. A. B. WoLLASTON remarked that Capt. Steel's account referred to the 
ascending motion of the spout, which coincides with what he (Mr. WoUaston) 
had noted. 

Capt. D. Wilson- Barker said that the best waterspout he ever witnessed 
most certainly descended, but he did not wish to imply from this that it was 
always so. 

Capt. A. S. Thomson stated that all the waterspouts which he had seen had 
occurred with a very cloudy sky, and when a large amount of condensation was 
in progress. He did not think that electricity played any part in the production 
of these phenomena, but considered that they were due to rapid condensation. 
Capt. Thomson then gave a description of the various process^es which, from 
careful observation of waterspouts on many occasions, he thought it was pro- 
bable took place when a waterspout was formed. 
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The Report on Cloud Nomenclature, i&c., presented to the 
International Meteorological Committee at Upsala, In 
August 1894. 

Bi EGBERT H. SCOTT, M.A., F.R.a., 
Foreign Secretary. 

[B«ad DecembeT 191fa, 1S94.] 

The chief feature of the Upaala Meeting was the Report of the Com- 
mittee appointed at Mnnicb, to consider the qnestion of the Cloud Atlas. 

Of that Committee there were present at Upsala Prof. HildebrandsHon, 
Hofrath Dr. Hann, Prof. Mobn, Mr. A. Lawrence Botch, and M, Teiaserene 
de Bort. 

The following Members of the Interna-tional Meteorological Committee 
were eoopted with the Cloud Committee for the Meeting ; — Prof, von Bezold, 
of Berlin, Director RiUwiller, of Ziirich, and Mr. Davis, of Cordoba. 

In addition certain gentlemen present at Upsala were invited to join in 
the diacnssions, viz.: — Prof. Broounof, of Kieff, Dr. Fineman, and Dr. 
Hi^;strom, of Upsala, Prof. Riggenbacb, of Basle, Prof. Spmng, of PotsdEm, 
and M. Weilbach, of Copenhagen. 

The following are the Definitions and Instructions as finally adopted : — 

The classification adapted is as follows : — 

a. Separate or globular masses (most frequently seen in dry weather). 

b. Forms which are widely extended, or completely cover the sky (in wet 
weather). 

A. Upper Clouds, averi^e altitude 9,000 m. (20,628 ft.). 

a. 1. Cirms. 

b. 2. Cirro-stratus. 

B. Intermedutk Clouds, between 8,000 m. (9,842 ft.) and 7,000 m. 
(22,966 ft.). 

iS. Cirro-cumulns. 
**' 1 4. Alto- cumulus, 
b. 5. Alto-stmtns. 

C. Lower CLorns, between 1,000 m. (3,281 ft.) and 2,000 m. (0,662 ft.). 

a. 6. Strato-cnmulns. 

b. 7. Nimbus. 

D. Clouds or diurnal xaczuDiao Currants, 

8. Cumulus; apex 1,800 m. (6,906 ft.); ba.se 1,400m. i4,598ft.) ; 

9. Cumulo-nimbus; apex 8,000m. (9,842 ft.) to 6,000 m. 

(16,405 ft.); base 1,400 m. (4,593 ft.). 

E. High Foob, under 1,000 m. (8,281 ft.). 

10, Stratus, 
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Explanations. 

1. Cirrus (Ci.). Detached clouds ^ delicate and fibrous looking, taling the 
form of feathers, genieraUy of a white a>/(w/r, sometimes arranged iu belts 
which cross a portion of the sky in ** great circles," and, by an effect of 
perspective, converge towards one or two opposite points of the horizon (the 
Ci.-S. and the Ci-Ga. often contribute to the formation of these bolts). 

2. Cirro-stratus (Ci-S.). A thin, xchituh aheet, at times completely 
covering the sky and only giving it a whitish appearance (it is then some« 
times called Cirro-nebula), or at others presenting, more or less distinctly, a 
formation like a tangled web. This sheet often produces halos around the 
son and moon. 

8. Cirro-cumulus (Ci-Ca.). Small globular masses or white fiaka withmt 
shadows^ or having very slight shadows, arranged in greups and often in lines. 

4. Alto-cumulus (A.-Cu.). Largish globular masses, white or greyish^ 
partially shaded, arranged in groujys or lines, and often so closely packed that 
their edges appear confused. The detached masses are generally larger and 
more compact (changing to S-Cu.) at the centre of the group ; at the margin 
they form into finer flakes (changing to Ci-Cu.). They often spread them- 
selves out in lines in one or two directions. 

5. Alto-stratus (A-S.). A thick sheet of a grey or bluish colour, showing 
a brilliant patch in the neighbourhood of the sun or moon, and which, 
without causing halos, may give rise to coronte. This form goes through 
all the changes like the Cirro-stratus, but by measurements made at Upsala» 
its altitude is one-half less. 

6. Strato-cumulus. (S-Cu.). Lagre globular masses or rolls of dark 
cloud, frequently covering the whole sky, especially in winter, and occasionally 
giving it a wavy appearance. The layer of Strato-cumulus is not, as a rule^ 
Tery thick, and patches of blue sky are often visible through the intervening 
spaces. All sorts of transitions between this form and the Alto-cumulus are 
Boticeable. It may be distinguished from Nimbus by its globular or rolled 
appearance, and also because it does not bring rain. 

7. Nimbus (N.). Rain-cloud. A thick layer of dark chads, without shape 
and with ragged edge^ from which continued rain, or snow generally falls. 
Through the openings in these clouds an upper layer of Cirro-stratus or 
Alto-stratus ma}' almost invariably be seen. If the layer of Nimbus sepa- 
rates up into shreds, or if small loose clouds are visible floating at a 
low level, underneath a large Nimbus, they may be descril>ed as Fracto- 
nimbus (" Scud *' of sailors). 

8. Cumulus (Cu.). Wool-pack Clouds. Thick clouds of which the upper 
surface is dome-shaped and exhibits protuberances while the base is horizontal. 
These clouds appear to be formed by a diurnal ascensional movement which 
is almost always observable. When the cloud is opposite to the sun, the 
surfaces usually presented to the observer have a greater brilliance than the 
margins of the protuberances. When the light falls aslant, these clouds 
give deep shadows ; when, on the contrary, these clouds are on the same side 
as the sun, they appear dark, with bright edges. 

Hj^w 8|R|S8,— yot,. ixi, ^ 
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The trae Cnmulus has clear saperior and inferior limits. It is often 
broken up by strong winds, and the detached portions undergo continual 
changes. Fracto-cumidua. 

9. Cumulo-nimbus (Cu-N.). The thunder-cloud; shower-cloud. 
Heavy masses of cloud, rising in tlie form of mountains, turrets, or anvils^ 
generally having a sheet or screen of fibrous appearance above (** false Cirrus "), 
and underneath, a mass of cloud similar to Nimbus. From the base there 
usually fall local showers of rain or of snow (occasionally hail or soft hail). 
Sometimes the upper edges have the compact form of Cumulus, forming 
into massive peaks round which the delicate *' false Cirrus " floats, and 
sometimes the edges themselves separate into a fringe of filaments similar 
to that of the Cirrus cloud. This last form is particularly common in spring 
showers. 

The front of thunder clouds of wide extent frequently presents the form 
of a large bow spread over a portion of the sky which is uniformly brighter 
in colour. 

10. Stratus (S.)- ^ horizontal sheet of lifted fog. When this sheet is 
broken up into irregular shreds by the wind, or by the summits of moun- 
tains, it may be distinguished by the name of Fracto-stratus, 

Instructions for oBSERViNa Clouds. 

For each observation the following points are to be noted and entered in 
the register or schedule. 

1. The kind of cloud indicated by the initial letters of the name of the 
cloud (for greater precision, the number of the plate in the Atlas which most 
nearly resembles the form observed, might be given [Example C. 8] .) 

2. The direction from which the clouds come. 

By remaining perfectly still for several seconds, the movement of the 
clouds may easily be observed in relation to a steeple or pole erected in an 
open space. If the movement of the cloud is very slow, the head should be 
steadied by using a rest. This method of observing must only be used for 
clouds near the zenith, for if they are distant from it the perspective may 
lead to errors. In such cases the nephoscope must be used, and in each 
case the rules given for the kind of instrument in use must be followed. 

8. 2'h« point ef radiation of the upper clouds. . 

'These clouds often take the form of narrow parallel lines, which by reason 
of the perspective, appear to issue from a given point on the horizon. The 
" point of radiation " is the name given to the point where these belts or 
their prolongations meet the horizon. This point on the horizon should be 
indicated in the same manner as the direction of the wind, N, NNE, etc. 

4. '* Unduluted cl uds.'* 

It often happens that the clouds have the appearance of regular stria, 
parallel and equidistant, like waves on the surface of the water. This is 
mostly the case with the Cirro-cumulus, Stiiito cumulus (Roll- Cumulus), etc. 

It is important to note the direction of these striaa. When two distinct 



SCOTT — BEPOBT ON OLOUD NOMENOLATURE. 19 

systems are apparent, as is often. seen in clouds separated into globular 
masses by striaB in two directions, the directions of these two systems should 
be noted. 

As £Bur as possible these observations should be taken of strisd near the 
zenith, so as to avoid errors caused by perspective. 

5. Ths density and situation of a hank of Cirrus. 

The upper clouds often assume the form of a tangled web or sheet, more 
or less dense, which as it appears above the horizon looks like a thin bank 
of a light or greyish colour. As this form of cloud is closely, connected 
with barometrical depressions, it is necessary to observe : -^ 
(a.) The density. 

= very thin and irregular. 

1 = thin, but regular. 

2 = &irly thick. 
8 = thick. 

4 = very thick and of a dark colour, 
(b.) The direction in which the sheet or bank appears thickest. 

6. Remarks, — All interesting particulars should be noted, such as: — 

i. During summer all lower clouds as a rule assume special forms, re- 
sembling more or less Cumulus. In such cases an entry should be made 
in the column for ** Remarks," Stratus^ or Nimbus cumuli/ormus. 

ii. It sometimes happens that a Cumulus presents a mammilated lower 
surfiEtce. This appearance should be noted under the name of MammatO' 
cumulus. 

iii. It should always be noted whether the clouds seem to be stationary 
or in very rapid motion. 



DISCUSSION. 

Mr. F. Gaster exhibited and described a number of lantern slides of clouds 
which he considered represented the various forms described in the Report. 

Capt. D. Wilson-Barker said he would like to ask Mr. Scott if the primary 
classification was supposed to bear any relation to the names of the clouas which 
followed after. Were the altitudes given for certain latitudes, or for all the world? 
He very much doubted if there were any clouds above the *' Nimbus." His own 
impression was that the " Nimbus " cloud was one that grew downwards. lie 
would also suggest that the sun, moon, and stars were useful aids in determining 
the motion of clouds. He could not see how the density could very well be 
denoted by number. After a slight glance through the Rev. Clement Ley's 
monograph on the subject, he was convinced that his classification was in every 
way superior to that recommended by the International Committee. Hn could 
only consider that this proposed nomenclature was a slight advance on that of 
LoKe Howard. He was very much interested in the able way in which Mr. 
Gaster fitted in the photographs to the proposed names, and thanked Mr. Scott 
for bringing the matter before them. 

Hon. RoLLO RussRLL said that he had read the report with great interest, but 
was unable without further examination to offer any criticism on the classi- 
fication adopted. The limiting altitudes given appeared to be stated rather pre- 
cisely, and -ne should like to know whether they were intended to represent 
absolute limits, or whether they were the result of an average of a number of 
observations. The heights of alto-cumulus and cumulo-nimbus would seem to 
stand for average altitudes, as these clouds were firequently obsened with tops 
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hi A much higher level and with a lower bafte. Cirras clonds vdete to he 6een at 
pO'eater heights than those usually ^iven, and sometimes float, as halloon observf^ 
tionR have proved, at higher altitudes than aeronauts have ever reached. 

Mr. M. Jackson thought that it would bo a useful arrangement if meteoro- 
logists who were in need of instruction in the methods of cloud observing, wero 
to take excursions into the country under the guidance of a competent cloud 
authority, for the purpose of studying cloud formations. He had frequently 
noticed how greatly the clouds differed in various localities and countries. The 
prevailing ^ouds of Scotland were, in his opinion, quite distinct in fbrm from 
Ihofie to. be seen in the Isle of Thanet (where he had resided for the greater part 
of his life), and these latter were different from such as were common in the 
'fiikies of Italy. Buskin had stated that the finest sunset clouds visible in England 
were those to be seen in the Isle of Thanet ; and he (Mr. Jackson) would like 
to know whv the clouds common there should differ so greatly from those which 
were to be observed in Argyllshire, for instance. Ho had watched clouds over the 
Atlantic before the approach of a storm, and had seen them assume most re- 
markable forms. It would be interesting to have an explanation of the variation 
in the prevailing forms of clouds in different latitudes. 

Mr. C. Harding said that from his experience in connection with the discus- 
sion of observations made at sea, he was sure that sailors would be gratefiil to the 
International Committee for the limited cloud nomenclature which had been 
adopted, the classification being only a just and wise extension of Luke Howard's. 
He was pleased that Mr. Gastcr favoured it, as ho (Mr. Harding) did not agree 
with the classification which Mr. Caster hod himself suggested a short time 
pince. He could not agree with Capt. AVilson- Barker that Mr. Ley's nomen- 
cliftfure was superior to that embodied in the Report of the International Com- 
nfitieei and he was sure that the elaborate classification suggested by Mr. Ley 
would not do for ordinary use, as there was a great deal too much to master in 
it. -The members of the International Cloud Committee were all men of good 
staijding and thoroughly competent to accomplish the object for which the 
Committee was formed ; consequently their proposals were likely to be readily 
accepted. He had compared the Conmiittee's Report with the CUmd A lias issued 
by Br. K. Singer two or three years ago, and had been much surprised to see 
how closely the two agreed. 

Mr. J. G. Wood thought that a series of successive pictures of cloud changes 
by means of photography would be most valuable, and a great aid to the 
successful study of cloud forms. There was no more difHcuIt subject to photo- 
graph than a cloud, and he suggested that it was desirable that a set of simple 
rules shonld be drawn up f(fr the guidance of any desiring to take up this inter- 
esting branch of Hcientific work. 

Mr. BiRT Acres said that his own observations of cloud.s had led him to con- 
clude that there were really only two varieties — clouds which were formed near 
the earth, and those which were produced at high altitudes. As a renult of the 
experience he had gained in cloud photography, he had found it necessary to 
adopt two systems, one being to employ a Nicol prism, and the other to use a 
black mirror, similar to that employed by Mr. Clayden. For cirrus clouds he 
had been obliged to use a plate very sensitive to the less refrangible rays, 
ordinary plates being practically insensitive to these rays, and often in addition 
to use a yellow screen as well as the polarising apparatus. 

Mr. K. H. Scott said that the altitudes sUUed in the Report referred to 
Northern Europe, as the measurements upon which they were based were made 
at Upsala and Potsdam. Regarding Mr. Jackson's remarks concerning the 
differences in the cloud forms in different latitudes, the lion. R. Abercromhy 
some years ago read a paper before the Soeiety in which he showed that cloud 
forms were identical all over the world. The difference between the clouds in 
the Highlands of Scotland and those in the Isle of Thanet was probably due to 
the great dissimilarity in the configuration of the ground in these two districts, 
Scotland being hilly, and Thanet flat, so that in the latter locality a better 
horizon was secured, and the conditions were more favourable for watching the 
progress of clouds. Mr. Scott also stated that the selection of typical pictures 
lor the Cloud Atlas was carried out in as unbiassed a manner as possible, all 
names and marks of identiHcntion being removed from the photographs sub- 
mitted tor inspection bv the Committee : and he staged |iis readiness to represent 



*^ 5''- H^'^^ebrandsson the wish of the Meeting that some explanation of the 
methods of measurement should be introduced into the preface to the forthcoming 



Cloud Atlas. 



METEOROLOGICAL OBSERVATIONS AT MOJAHGA, 
MADAGASCAR, DURING 1892-1894. 

By STRATTON C. KNOTT, H.M. Vice-Consul. 
(Commonicated by R. H. Scott, F.R.S.) 



[Received November 28th.— Ttead December 19tb, 1801. J 

MojANOA is situatod on tho north-west of Madagascar, on the coast of 
Betsiboka Bay, in latitude 15° 48' 0" 8, and longitude 46° 19' 16" E. 
Although the period over which these observations extend is but short, it 
has been thought the results obtained would be of interest in view of the 
scanty information we possess for the island. 

The meteorological station is about 1 mile from the town, and stands on 
a plain 186 feet above the sea level. From south-east to south tbere is a 
view of Betsiboka Bay, and from south-west to north-west the open sea is 
visible. 

The station itself is a piece of land about 100 yards long and 70 yards 
broad, given to me for the purpose by the Malagasy Governor. The expo- 
sure of the instruments is very good, there being no buildings to affect the 
readings, and b^t few trees near, and those but small. From the observatory 
plain the ground gradually slopes away. At 6bmiles due north are the hills 
of Pajony, aboqt 400 feet high. 

The barometer is by Adie, and has an error of *005 in. ; its cistern is 1^0 
feet above meau sea level. All the thermometers have been verified at Kew, 
and correctiouGi have been applied for any errors. The rain gauge is by 
Casella ; it is 8 inches in diameter, and its rim is 1 foot above the surface 
of the ground. 

The observations were taken daily at II a.m. and 5 p.m. The dry and 
wet bulb thermometers by Messrs. Ncgretti & Zambra, aud the maximum 
and minimum self-registering thermometers by Casolla, are exposed in a 
screen under a shed which is open all round, is 4 feet from the ground, and 
has a ventilator. The values of the dew point, humidity, and vapour tension 
have been computed by Glaisher's Hi/ffronietiiral Tables, 

All the instruments have been supplied by the Meteorological Council. 
The solar radiation thermometer only arrived in September, and unfortu- 
nat^ly tho terrestrial minimiim was damaged iu transit, au.t had to be 
X'^turi^ed, but for Uie year 1891 the followmg instruments have been added 
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to those already in use : — Cup and dial anemometer, by Gasella ; terrestrial 
minimum radiation thermometer, by Casella ; two earth thermometers, for 
depths of 18 inches and 42 inches, by Troughton and Simms. 

The observations began in April, 1892, and the accompanying tables are 
for the two years April, 1892, to March, 1894. The observations are still 
being continued. 

Pressure. — The average pressure for the whole period was' at 11 a.m. 
80*089 ins., and at 5 p.m. 29*965 ins. ; and the mean range between the 
two observing hours was therefore *074 in. The highest mean pressure in 
any month (taking the mean of 11 a.m. and 5 p.m.) was 80*155 ins. in 
August, 1898 ; the lowest 29*842 ins. in January, 1898. 

The highest absolute reading of the barometer was 80*265 ins. on July 
19th, 1892, at 11 a.m., and the lowest reading was 29*689 ins. on January 
28rd, 1R98, at 5 p.m. Six days later, namely on the 29th, there was a 
strong gale from North-west, when the wind reached force 9, but the lowest 
pressure recorded during the gale was only 29*788 ins. 

Temperature, — The mean temperature (mean of maximum and minimum) 
was 80°*2 in 1892-8, and 79°*1 in 1898-4, and for the two years 79°*7. 
The mean maxima ranged from 91°* 4 in April, 1892, to 84°* 5 in Ju^, 
1898, and the mean minima varied between 64^*9 in July, 1898, and 
75°*1 in March, 1894. The absolute extremes were 98°*8 in November, 
1892, and eO^'-O in January, 1898, a range of 88°*8. * 

In every month during the period except two (June and July 1898) the 
maximum temperature exceeded 90^, while in eight months the minimum did 
not fall below 70°. 

The coldest month appears to have been July 1898, with 74°'7 ; while 
April 1892 was the hottest, with a temperature of 82°*9. 

The depression of the wet-bulb was, as might be expected, large, the means 
ranging from 19°'l at 11 a.m. in September 1892 to 5°*d at 5 p.m. in 
January 1894, the means being in 1892-8 10°*6, and in 1898-4 10°-7. The 
highest individual difference reported was 24^*0 at 11 a.m. on October 28rd| 
1892. 

Hygromeiry. — August and September are the driest months, with a vapour 
tension of from *400 in. to '500 in. and a relative humidity of as low as 84 
per cent. 

The mean difference in the vapour pressure at 11 a.m. compared with that 
at 5 p.m. is '067 in., the value at 5 p.m. being higher by that amount ; while 
the humidity is nearly 10 per cent, greater in the afternoon than in the 
middle of the day. 

Solar Radiation, — Observations of the solar radiation were taken from 
September 1898 with a black bulb maximum in vacuo^ and for the seven 
months till March 1894 the results show monthly means varying from* . 
152^*4 in January to 157^*0 in February, with an absolute maximum of 
17T**4 on February 7th. 

A grass minimum was obtained and observations begun on January 10th, 
1894. In the period of nearly three months the lowest temperature ob8er^*ed 
was 70^*0, on March 12th. 
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llainfall. — The rainy seauon extonds fniiu OctolHT to April, with a rery 
striking docrcoae in nmonnt fo Febrnary. The ftvernjfo l^ital full for tho 
yrixr is ni-50 ins., tho monthly fnlls rRnjiing from nil to 200-1 ins. in .Tfinuai-y 
1803. Stay t() September ari! dry mimthK, and the tbrco month » Juno to 
August are practically raiiilesB. Some heavy daily falls of ruiu nro rupurted, 
the mnzimum being 6'18 ins. in Jauunry 1804, vHh t.vn utheiH of U|iu'anls 
of 4 inches. 

pmicg tfa« twu j-eatB Ihsro were 80 days in which the rainlull excoodett 
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of clear sky were nnmeroas from April to November, but in December, 
January, and February, the sky was frequently overcast. 

No hail was observed in the period under review, and there were but two 
cases of gale. Thunderstorms were common in the rainy season, the average 
number of days of thunderstorm from December to April being as high as 
15. The highest number in any month was 21 in December, 1892. In 
two months, December 1892 and March 1894, sheet lightning was seen on 
as many as 27 days. 

Wind, — The wind summaries show that the prevalent direction during the 
rainy season was North-westerly, while in the dry season (May to September) 
the wind was commonly between South and East. In 41 instances during the 
two years the wind was reported calm. 

Antananakivo. 

Observations have been regularly taken for several years past at the 
London Missionary Society's College at Antananarivo, and it may be inter- 
esting to note the difference between the results for the capital and those for 
Mojanga. The College is situated 4,700 feet above sea level. 

The observations for 1894 are not yet available, but for the 21 months, 
April, 1882, to December, 1893,' the comparative results are as follow : — 



Mojanga • 


Temperatore. 


Means. 


Absolote. 


Bfinimnm. Mazimnm. 


Minimom. 


Mazimam.! 
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70-8 88-0 
52*9 68*1 


o 

6o*o 


98-8 1 


Antananarivo 


40*o 


86-5 



The rainfall-measuring glass was stolen in August, 1892, and was not 
replaced till January, 1898. The rainfall values therefore are only available 
for the purposes of comparison for the period April to July, 1892, and 
January to December, 1898. For this 16 months the results are : — 



Rainfall for i6 months. 



Mojaoga . . . , 
Antananarivo 



1 

j 

Total. 


Mazimnm. 


No. of 
Bainy 
Days. 


Days with 
I inch and 
upwards. 


in. 
65*62 

5913 


in. 
4-64 
470 


76 
Z08 


23 
21 



These notes have been entirely drawn up by Mr. J. A. Ctu*tis, of the Meteo- 
rological Office. 

It will no doubt be interesting to append a summary of the observations 
taken at the College, extracted from The Antananarivo Annual, For the years 
prior to 1887 the annual quantities of rain are all that are given; with that 
year the publication of monthly totals of raiui as well as of extreme tern- 
peraturesi was commenced.^ 
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FLOODS IN THE WEST MIDLANDS. 

Br HENRY SOUTHALL, F.R.Met.8oc, 



^ 



[Sepeired December 13th.— Read December 19th, 1894.] 

Tb|b great inieresi now taken in the subjoct of river floods, no doabt 
in/upensed of late by published acconnts of circumstances attending the recent 
remarikable overflow of the Thames and other rivers in November last, may 
fnniiah some reason for placing on record the result of observations extend- 
ing over a considerable number of years. 

Sipee the si^ject of '' Floods on the Thames ** is likely to be dealt with 
ail an eaarly da^ by Messrs. Symons and Chattcrton, the present paper will 
refer almost exchisfvoly to those of the rivers Severn, Wye, and Usk, with 
some additional reference to * the floods at Bath, caused by the Wiltshire 
Avon. 

The term " West Midlands ** may be considered to mean Herefordshire 
and the adjoining English and Welsh counties. 

One pther preliminary remark. When I ofierod at the last Council Meeting 
ic^ give 99me information, partly from my own observation and partly what 
I may have gained from other sources, it did not at the time occur to me 
tha^ ti^ interesting pi^er^ read by Messrs. Marriott and Gaster on the Floods 
of May 1886 had already given many particulars and facts relating to pur 
West^ein inundations, which I had the pleasure of famishing. I shall there- 
fore endeavour to avoid needless repetition. 

Tl\d accompanying map gives some idea of the geographical features an^ 
boundaries of the districts referred to, and has been copied from the Ordnance 
Survetf Afap of the Rivers in England and Wales, 

The following table gives the area in square miles of the several basins, 
thfiJenglh of their main streams, aud also that of their principal triltutanes. 
For cemparifl^, simil^ details are furnished for the Thames, Trent, and 
the Yorkshire and Bedfordshire Ouses, which are the only other rivers in 
England as large as the Wye. 

It must be borne in mind that the different rivers vary very much in their 
characteristics, and that the amount of water discharged in proportion to Uie 
distance traversed, or the area drained, is much greater in some than others, 
especially in time of flood. This, no doubt, depends mainly upon the 
quantity of rain falling in each district ; but the conformation of the ground, 
and the receptivity of the soil, are also important factors. Even if we can 
ascertain, with a good degree of precision, the amount of deposit in the 
shape of rain or snow upon a certain area per square mile, it is surely 
exceedirgiy difficult to say how much of this finds its way into the rivers. 
The previous state of the ground, as regards saturation, will aflbct the 

1 Quart€rly Journal, Vol. XII. p. 1)C9. 
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amoant of percolatioQ into it ; evaporation at tho some time varying with 
difieront eonditiona flf wind, drynoaa of tbo air, and temporatnre. Of oonffb 
it is eas^ to oompnle. approximately, the volnufe of water carried 4ova bv '^ 
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riTer in flood* at any partiealar point or bridge, where the width of the 
river, the depth of the streem, and the speed of the current is known ; but 
it is not so easy to ascertain how much of the total rainfidl will at any tune 
deseend along the watercourse. A comparison of the difforenl drainage 
areas tabled will diow that the Serem stands midway in ezteot between the 
Thames and Trent, and that the Yorkshire Onse is sli^tly greater than the 
Wye ; while there is not mnch difference in the length in miles of the main 
streams of the Severn, Wye, and Trent — that is, exdnding tidal portions 
of each. 

The rivers Severn and Wye, rising within a very short distance of each 
other in the Webb Moontains, near the summit of Plinlimm<m, where the 
rainfidl is probably double that of the districts where the Thames, Trent, or 
Ouse have their sources, are consequently subject to higher, if not more fre- 
quent, floods ; and in proportion to their drainage area a relatively greater 
amount of water flows down them than is the case of the more eastern rivers 
above named. Probably the catchment basin of the Wye, acre for acre, 
receives more water than even that of the Severn ; for the latter, taking a 
more easterly course than the Wye, gets away from the influence of the 
mountains sooner. The Wye, on the other hand, flowing southward at first, 
taps some very wet districts in its upper reaches in Badnorshire and Breck- 
nockshire ; including the one from which the Birmingham Corporation have 
elected to obtain their new water supply. The Black Mountains also, with 
an extent equalling that of a small county, and having a maximum elevation 
of 2,660 feet, drain both on their northern and eastern watersheds into the 
Wye. In addition to this, an extensive plateau of somewhat less elevation, 
called Badnor Forest (2,166 feet), drains into the Lug and Arrow, two 
important tributaries which join the Wye just below Hereford. Further m 
the case of the Wye, the distance from source to sea is only about two-thirds 
that of the Severn ; consequently the fall per mile is greater, and the current 
more rapid. For the first 60 miles the bed of the Wye is also very rocky. 
These may appear to be mere geographical details, but they to some extent 
explain diflferences in the conduct of the two rivers. 

And now, before dealing specially with the flood of November last it may be 
well to state the authority for doing so, and also the mode of obtaining informa- 
tion. This is derived principally from personal observations made at various 
times from the year 1886 to the present date 1894. I have risited most of the 
knpwn sites where flood marks or gauges exist, some of them repeatedly. 
And in this connection, may I be allowed to express the wish that more care 
may be taken in the future than has sometimes been exercised in the past, as 
to the choice of place on which to fix such gauges or indicators. First of 
all^ I would recommend that they should not be just where the greatest rush 
of the water is, otherwise it will be difficult to ascertain the exact height of 
the level reached ; the splash often reaching quite a foot above that mark. 
And, secondly, that it is important that the record should be as permanent 
as possible. In many cases flood marks are made by notches on door-posts, 
trunks of trees, Ac. : and in other cases roughly painted or chalked on a 
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wall, with the result that they quickly hecome illegible. The brass plates let 
into the Cathedral steps at Worcester are models in this respect, those 
recording the height of the great floods in 1672 and 177.0 being as clearly 
distinct as the day they were placed there. 

It is also important, if possible, to have records of successive floods in 
closely adjoining places for sake of comparison — thus, for instance, at 
Worcester the mark of the great flood of 1795 is out of sight of, and a long 
way from the others just mentioned. At Hereford some are above and some 
below Wye Bridge, and quite out of sight of each other. In very high 
floods, by observing both, a comparison may be made, but at other times it 
is not possible to do so except by levelling. Very few flood marks are to be 
found in the higher parts of rivers, presumably because the flood does not 
rise so high, and soon runs o£f. 

At Gloucester some interesting ones have within a few years been destroyed 
and removed. People seem very slow to learn the real practical utility of 
preserving them, and in this respect we are far behind some continental 
countries* 

At Boss a rope maker, whose ** rope walk " was likely to be flooded, 
marked accurately the height attained by the extraordinary flood of 1795, 
and also of many subsequent ones. He gave me before his death, at the age 
of 98, many of his recollections and experiences. Another intelligent boat- 
man, who lived to a good age at Monmouth, could point to a stone in the 
bridge reached by the flood of 1809, the highest in his recollection. But 
such instances of thoughtful and accurate register are not frequent. On the 
lower side of Wilton Bridge, near Boss, there are several old flood marks, 
but many are now illegible. Those, however, with BH 78, BH 1796, cut 
into the stone are still decipherable. At Goalbrookdale there are quite a 
number of flood records on the gates of the old warehouse by the Severn 
side, which seem to be fairly accurate. 

On the river Teme, we are greatly indebted to the late Mr. Davis, of 
Orleton, for his observations of rainfall since 1831, with the amounts regis- 
tered, on the few days previous to most of the principal floods for a consider- 
able length of time, and also for the information collected by him as to those 
of 1770, 1795, 1809, 1821, Ac. 

I have also carefully searched the files of old county newspapers, specially 
those printed in the county towns of Shrewsbury, Hereford, Worcester, and 
Gloucester. It is not always that the accounts given in these papers con^ 
tain sufficiently definite information to be of any value ; such expressions as 
" greatest in living memory," *' highest ever known," being sometimes used 
only a few years after a much greater flood. As a matter of fact, few 
persons* memories are to be trusted either as to height, or exact dates, the 
latter often being at least one year wrong. But where it is stated that the 
flood reached to within so many inches of another, some evidence is aflbrded 
of careful noting and accuracy. Many interesting particulars, however, are 
in my possession of incidents occurring in these floods, such as the de*- 
Utruction of bridges (a great many having been carried away in 1795,) the 
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stoppage of high roads and consequent delay of traffic, and also exciting 
accounts 6f drownings, loss of cattle, &c. The following from the Hereford 
Journal of 1770 is alnusing. In reference to the overturning of the London 
stage waggon near Boss (coaches did not commence running till 1774), ^e 
quaint chronicler of that date says : *' It is pleasant to reflect that the 
passengers were all got out before the accident happened.'* 

Floods at Boss. 

In reference to -floods at Ross, I have found it convenient to sort ^them 
roughly into three dasses : — 

Primary or highest, all that are 14 it. 6 ins. and more above summer level. 
Secondary, those with a height of 12 ft. to 14 ft. 6 ins. „ „ „ 

Tertiary „ „ 10 ft. to 12 ft. „ „ 

Of these, none of the first have happened since November 12th, 1862, 
'the previous instances of primary floods having been the following : — 
1770— November 16th to 18th. 1881- February lOtb. 

1795— February 11th to 12th. 1852— February Sfh. 

1809— January 27th. 1852— November 12th 

1824— November 24th. 
Very high floods, hoii^ever, occurred on the Lug and Teme on the follow- 
ing dates : — 

1815— Date not given. 1880— November 80th. 

1821— September 0th. 1889— July diet. 

The two last were of the highest class, but I find no record of them on 
the Wye. That of 1889 was very high on the Severn. 

In reference to these highest floods, it may be noticed that Ihey all 
oeeorred in November or February, except that of 1809, which was at the 
close of January. It would also appear that very high floods are not nearly 
so frequent as in former years, particularly on the Wye. The reason for 
this may be, that with better drainage the flood in the lower reaches of the 
river is carried off before the upper flood arrives, and more quickly tlian 
formerly. Railway embankments and additional bridges are supposed by 
some to '' keep bock " the water. At any rate, we can scarcely attribute 
ihe decrease to diminished rainfall. 

These floods seem to be due to at least three different causes. Firstly, to 
•an atmospheric condition which seldom exists except in the period November 
to March inclusive. A strong South-westerly to Westerly gale — ^an extra 
Violent one is said by the boatmen to *'over blow" the hills, and an Easterly 
-or Southerly one does not produce much effect on the river — a great rise of 
temperature, rapidly melting accumulated snow, whilst at the same time 
heavily-charged clouds, fresh from the Atlantic, driven against the cold 
mountain slopes, precipitate their moisture in the shape^of very heavy rain. 
In the case also of the break up of a long severe frost, the masses of iee 
brought down with the flood, and choking or blocking up the arches of these 
Inid^es. When these conditiops aire eopdbined^ as ip. 1795, there pdouj^ *§ 
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maximum flood. In 1814, when the memorable frost temporarily gave way 
in the beginning of Febrnary, the flood did not rise .so high as in 1795 by 
about 8 feet, because the rise of temperature was not 'great enough to pro- 
duce the same effect. Somewhat similar cases to 1795 occurred in February 
1881 and February 1852, as well as in January 1809 ; whereas 1814 may 
be paralleled in 1888, 1855, 1878, 1879, 1881, and 1891, in each of which 
cases the Wye was firmly frozen all across, which is a very exceptional 
circumstance in so rapid a river. 

Another condition also illustrated by the examples given of primary floods 
is one which often occurs in November, and that is the continuance of rains 
both in the mountain and lowland districts, till the soil becomes completely 
saturated. After this, three or four days* heavy rain will produce a great 
. flood. Those in November 1770, 1824, 1886, 1852, and 1875 are typical 
instances, all of these having occurred about the middle of the month. 

The third and last condition is that of heavy thunderstorms or cloudbursts, 
or the occurrence of very heavy partial or local rains. These are the cause 
of most of our summer floods. In May 1886 and July 1875, heavy down- 
pours, without much apparent electric disturbance, produced locally extra- 
ordinary risings of the neighbouring streams. Of this character, too, was 
the great flood in Yorkshire, October 16th, 1892. 

In the case of the waterspout or cloudburst in Breconshire, July 9th, 
1858, the Usk rose to an unprecedented height, far beyond that of any pre- 
vious time, houses being carried away and much damage being done, owing 
to the water coming down so suddenly and unexpectedly. An inscribed 
stone shows the height attained. 

On May 27th, 1811, a storm broke over the country to the eastward of 
Hereford, lasting from 8 to 8 p.m., accompanied by torrents of rain. The 
Severn, at Worcester, is said to *' have risen 6 feet in one hour, and 20 feet 
in twenty-four hours.'* On July 5th and 7th, 1852, violent thunderstorms 
occurred in the same district, which were said to have '' carried ever3rthing 
before them." 

On August 18th, 1858, 2*75 ins. of rain fell in 50 minutes ; 8*84 ins. in 
24 hours. The streets in Ross were flooded to a depth of 8 feet. On June 4th, 
1891, four miles from Boss stone walls were swept down, and soil and crops 
removed from fields, frt>m the enormous downpour over a very limited area. 

Of summer floods affecting the larger rivers, the most notable examples 
are those of August 1799 and 1889, and July 1872. In each case large 
quantities of hay were washed down stream ; 1889 being the most re- 
markable instance. 

Floods of November 1894. 

And now as to the recent flood of November 1894. The deficiency of 
rainfall, which commenced in Herefordshire in 1887, continued with a few 
breaks till October 22nd, 1894. The accumulated defect, taking the pre-^ 
vious twenty years 1867-1886 as a standard of comparison, being as much 
as 42*85 ins., or equal to the average fall in 16 months. On October 28rd, 
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however, the rain which occasioned the flood set in, and by the diet, that is 
in nine days, 6*78 ins. fell at Rhayader (Nantgwylt), near the source of the 
Wye, and 4*43 ins. at Ross, which is nearly a maximum record in the time 
for the latter place. On October 28th the river had only risen 7 feet. On 
November 2nd a height of 1 feet was shown by the gauge. There was then 
a fall, and it was not till after the renewed rain of November 1 1th to 14th, 
producing about 2 ins. of water more, that the Wye rose to 12 feet. From 
this time the river continued to rise till, at 8 p.m. on the 15th, a height 
of 14 feet to 14 feet 3 inches was reached, a limit which had scarcely 
been exceeded since November 1852, although several instances of floods of 
limilar height had occurred in the interim. During the next 12 hours the 
water fell 22 inches, and then pretty quickly subsided, so that the river was 
contained again within its usual high banks. The lower or old road from Here- 
ford (a new one was made after the coach had been left there in the flood in 
1881) was impassable, and the whole valley, as seen from the Ross Prospect, 
was one wide lake. But little damage appears to have been done, nor much 
inconvenience caused, comparatively speaking. 

I append tables showing the rainfall in difierent places, and also comparative 
heights of diCerent floods as far as can be ascertained (pp. SG-88). More exact 
levellings are still needed to fix a good datum line, and it is hoped that before 
long there may be a more permanent set of flood-marks fixed in a conspicuous 
and suitable place, so as to make future comparisons more easy and simple. 
Further observations are also needed, so as satisfactorily to settle the differ- 
ence of time between the top of the flood at different places on the river, 
speed of current, &c. It will be seen by these figures that the recent flood, 
though high, was not exceptionally so on the Wye, nor does it appear to 
have been so on the Severn, whilst on the Thames and Avon it was probably 
the highest of the centur}'. 

The following from Keenes Bath Journal^ dated November 17th, 1894, 
gives a graphic account of the flood there : — 

*' All previous records in the way of floods have been beaten this week by the 
double disaster of Tuesday and Thursday. The flood of 1882 has hitherto been 
acknowledged to be the most disastrous of the century, though the water in 1809 
is believed to have reached a few inches higher. This week, however, "will be 
memorable in local history for having produced two floods, the latest quite 
eclipsing that of which any known record exists. The water reached its high- 
est point at B-30 a.m. Thursday, November 15th, and it then measured about a 
foot higher than 1882." It further on adds : »' The Hood level of 1>'82 is shown 
by a stone let into the wall, though the mark upon it was not vhihle owing to the 
growth of weeds." This in only 12 years 1 The account continues : •* Several 
previous visitations stand out in the records of the century. The flood of lb09 
was only a few inches above ilie level of 1882. It was caused by a heavy fall of 
snow followed by rain and consequent sudden thaw." Two horses attached to a 
coach were drowned at Batheaston in this flood. Then came the flood of 1821 
then that of 1823 (? 1824), and afterwards 1828. This was the effect of a 
violent thunderstorm in «July. *' In this case a reservoir burst its banks. In 
1841 two bridges were swept away. In 1866 the river rose 14 feet. In 1875 
there were two floods, one in January, and one in November, 15 feet bein<y the 
ffbif^ht of the latter. A similar one in January 1877. In 1878 a waterspout 
burst over Weston ; that of October 24th, 1882, being the next except one in 
J881," 
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To return to the Wye, Mr. S. C. Lewis writes me from Elan Valley, 
Rhayader, ** The heaviest flood of this year (1894) took place on the night 
of July 24th. Rain set in at 2 p.m., and next morning No. 2 gauge showed 
a fall of 8*57 ins.," the rainfall at Ross for same time being 0*59 in. This 
is similar to my experience at Dolgelly on October 6th, 1874, on which 
occasion 8*75 ins. fell between 9 a.m. and midnight, against 0*55 at Ross. 

HiSTOBio Floods. 

I may perhaps be allowed to conclude this imperfect account of floods in 
our own times by some short reference to historic floods. I have not 
included any of the '* secondary *' ones since 1852, except that of 1894, and 
the ** tertiary " are too numerous to mention, although in some of these last 
a large body of water comes down, flooding the meadows to a depth of 
nearly 2 feet. I append a list of approximate heights and dates of the 
*' secondary " since 1852 (p. 38). 

The first flood on the Severn of which we have any account occurred 
14 A.D., followed by one in 115 a.d. and 852 a.d., or three during the 
Roman period — much people and cattle said to have been destroyed. 

During the Saxon period there are again three records — 487, 818, 1046. 

In 818 the chronicle says '' 2,000 people and 7,000 cattle lost.*' Many 

of the records in the next 400 years speak of inundations, but in many cases 

it is not stated whether they were produced by sea or river. But in 1 488 

Hollinshead says : — 

" In October the River Severn overflowed for 10 days, and carried away men, 
women, and children in their beds, and the flood was called * the great waters ' 
for a hundred years after." 

In like manner we now look back on the great flood of 1795, just a 
hundred years since. 

Hume gives more particulars : — 

** But at that time there happened to fall such incessant rains, so heavy and 
continued, as exceeded anything known in the memory of man, and the Severn 
and other rivers in the neighbourhood swelled to a height which rendered them 
impassable." 

This flood put an end to the Duke of Buckingham's insurrection. 

In 1607 " a strong West wind caused such a flood in the Severn that in several 
towns and vUlages the waters rose higher than the house tops." 

So that great floods are nothing strange. If the calculation be a correct 
one that in 48 hours during November 1894 a cubic mile of water fell over 
England south of the Humber, we may be thankful not to have suffered 
more than we have done. 
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COMPARATIVE HEIGHT OF FLOODS AT DIFFERENT PLACES. 

Ross. 

Asanming the height of the late flood at Ross to have been 14 ft. 3 ins. above lowest 
summer level of 1868, the following are approximate (say within an inch or so) com- 
parati?e levels of highest reached, ranged in order, from greatest downwards :— 

1770, November 18. No record, bat said to be not quite equal to 1795 on Wye. 

ft. in. ft. in. 

1877 January 1-2 14 3 

1881 February 11 14 3 

1880 October 29 14 3 

1875 November 15 14 3 

1886 May 14-15 14 2 

1880 December 31 13 10 

1878 November 12 13 9 

1872 July 81 12 6 



in. 

9 
3 
3 
3 



1795 February 12 17 

1809 January 27 •• 17 

1824 November 24 17 

183 1 February 10 17 

1852 „ 8 16 10 

1852 November 12 16 2 

»894 M 15 "4 3 

1867 March 24 14 3 

1869 December 19 14 3 

1 Very liigb for Midsummer Flood. 

For comparative heights of floods at Worcester, Gloucester, &o. see Quarterly Jour- 
nal, Vol. XII , pp. 280-281. 

Shrewsbury. 

ft. 



ft. in. 

1795 February 11 20 3 J 

1770 November 18 19 9I 

1672 December 23 19 7^ 

1869 December 20 19 4 



1852 February 7 19 

1852 November 15 18 

1831 February 10 17 

1849 No date given 17 



in. 

2 

6 

8 

6 



Note. — There are brass plates in house formerly occupied by Mrs. Davies, Frank well, 
Shrewsbury.— Extract Shrewsbury paper. 
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1770 Maximum known, probably a few 1836 N07. 30, 32^ ins. below 1795 

inches above 1795 1815 39' 

1795 ^®x^ 1^2 1 Sept. 7, 42 
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1809 31J „ 
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Floods at Tewkesbury 

Dyke's History of Tewkesbury mentions high floods on the Severn on July 

19th, 1587, when a sudden inundation overflowed the meadows to such an 

extent that the inhabitants were compelled to leavo the loaded carts behind 

em as they went to gather the hay ; anil no great was tlic accumulation of 

tliat " the townsmen were constrained with pitchforks and long poles to 
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stand on the bridge of wood to break the cocks, lest the bridge should be 
carried away by the force of them.** In 1610 there was another flood, and 
again in 1640, when there were no less than eight floods between Midsummer 
and Michaelmas. This was followed by most severe frost, October 11th to 
24th, freezing up all rivers and brooks. On December 28rd, 1672, so great 
was the flood that the water came into the chancel of the Abbey Church, and 
was the highest the oldest inhabitant could then recollect. The years 1721 and 
1722 were times for floods, and again in 1727, when there were no less than 
twenty. With respect to 1754, there is an entry as follows : — ** In this 
year there were nineteen sheets of water, which stopped the town mills an 
hundred days.** But in the year 1770 there seems to have been the highest 
on record. It reached its height on November 17th, for in Bennett's 
Register and Magazine we gather that a Mr. Havard embarked near the turn- 
pike in the High Street by the Bear Inn, and made a voyage round the town, 
which took him three hours to accomplish. The south side of the chancel 
of the Abbey was then under water, and Dyke observes that '* two houses 
near the mills were washed down.*' In 1789 there was another high flood, 
boats being employed on the long bridge to convey passengers over it. 
This flood was after the breaking up of a severe frost. 

DISCUSSION. 
Mr. G. J. Symons submitted the following extracts from the Report of the Usk 
Fishery Commissioners, having reference to floods in that river :— 

1872. Floods have damaged passes at Aberbr&n and on the Cynrig. 

1875. Numerous weirs and passes carried away by the flood of July 14th. 
The July rain was never heavy, but steady, about \ inch per hour — 

began 9 a.m. on 13th, finished 6 a.m.' July 14th, total 5 j mches. — G. B. 
Gething. 

1876. A violent flood in October carried the river over the fields, and on the 

water running off left millions of small fish dry on the meadows. 

1877. Tremendous flood on November 11th. 

Time of highest water. 

Brecon ... ... November 11th, 8 p.m. 

Pontygoitre ... ... m 12th, 6.15 a.m. 

Trostrey Weir ... „ 12th, 7.50 a.m. 

At Brecon 4 inches below 1875. 
At Glarmsk above 1875, but 10 inches below a flood on January 24th, 

1840. 
At the forge mill, near Clytha, the water entered the upper floor, but 

it was 2 feet 9 inches below the great flood of February 16th, 1795. 
At Usk the flood was the greatest for more than 50 years. 
Miss E. Brown, in a letter to the Secretary, gave the following particulars 
2A to the depth of water in a well 100 feet deep at Further Barton, near 
Cjirdiccster * 

1894— October 26th 10 ft. 4 ins. 

November 2nd 37 ft. 



16th 62 ft. 1 in. 



„ „ 9th 37 ft. 5 ins. 



„ „ 23rd 40 ft. 11 ins. 

„ „ 30th 30 ft. 6 ins. 

This was exceeded in 1875, when 60 feet was registered on November 15th, 
No record was kept as far back as 1852 ; but on September 4th of that year 
2-83 ins. of rainfall was measured (in a gauge 9 ins. diameter). 

Mr. Symons put in a plea for ihe permanent marking of flood heights, and 
expressed a liope that any who might have the opportunity would endeavour to 
carry out this simple but important work. 
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PROCEEDINGS AT THE MEETINGS 
OF THE SOCIETY, 



November Slst, 1 94. 

Ordinary Meeting, 

Richard Inwards, F.R.A.S., President, in the Chair. 

Capt. George Williams Atkinson, 5 Manor Park, Lee, S.E. ; 
John R. Eyles, 80 St. Mary Street, Weymouth ; 
Valentine Edward Johnson, M.A., South Grove, Alderley Edge ; 
James Lemon, M.InstC.E., Lansdowne House, Southampton ; and 
Joseph Monkhouse, Gilcrnx, Carlisle, 
were balloted for and duly elected Fellows of the Society. 

The following papers were read : — 

'^ Methods of DbiiSAMiNiNG the influence of Springs on the Tempera- 
ture OF A River, as illustrated by the Thames and its Tributaries." 
By H. B. GUPPY, M.B. (p. 1.) 

'* Some effects of the Gale in the Highlands of Scotland on Novem- 
ber 17th and 18th, 1893." By Eric S. Bruce, M.A., P.R.Met.Soc. (p. 11.) 

*• History of a Waterspout.** By Alfred B. Wollaston. (p. 13.) 



December 20th« 1894. 

Ordinary Meeting, 

Richard Inwards, F.R.A.S., President, in the Chair. 

Thomas William Aldwinckle, F.R.I.B.A., 1 Victoria Street, S.W. ; 
Capt. C. W. Andrew, The Terrace, Kennington Park, S.E. ; 
Hamar Bass, M.P., 146 Piccadilly, W. ; 

George Grove Blackwell, Jun., 16 Hillside Road, Wallasey ; 
William Nisbet Blair, Assoc.M.Inst.C.E., 23 West Hill, Highgate, N. ; 
Henry Hugh Breton, Portswood House, Southampton ; 
Charles Brownridge, Assoc.M.Inst.C.E., F.G.S., Town Hall, Birkenhead ; 
Joseph Stone Burbery. Trent House, West Cowes, Isla of Wight ; 
Wilberforce Cobbett, Assoc.M.Inst.C.E., Fareham ; 
Nelson Frederick Dennis, Assoc.M.Inst.C.E., West Cowes, Isle of Wight ; 
Ernest John Elford, Hill House Road, Norwich ; 
E. A. Sandford Fawcett, Assoc.M.In8t.C.E., 1 Victoria Street, S.W. ; 
Major Lamorock Flower, 12 Finsbury Circus, E.C. ; 
Charles Gilby, Guildhall, Bath ; 

Robert M. Gloyne, Assoc.M.Inst.C.E., Town Hall, Eastbourne ; 
Washington Lyon, 86 Asylum Road, Peckham, S.E. ; 
Thomas Mansell, F.R.M.S., St. Thomas's Hospital, S.E. ; 
Reginald Empson Middleton, M.Inst.C.E., 17 Victoria ^treet, S.W. ; 
George Shaw, 20 King Edward Street, E.C. ; ■ 

William Joseph Howard Smith, Assoc.M.Inst.C.E., Carlisle ; 
Andrew South, Hamilton Road, Ealing, W. ; 
George Walter Steeves, B.A., M.D., Parkfield Road, Liverpool ; 
Thomas David Williams, F.G.S., Egremont, The Ridge, Hastings ; 
Edward Willis, High Street, Eton ; 
John Willis, Stansfield, Windsor ; and 

Ernest Worrall, 6 Beaconsiield Terrace, Seacoiube, Liverpool, 
were balloted for and duly elected Fellow:; of the Society. 



Mr. R. H, Curtis and Mr. F. Gaster were appointed Auditors of the 
Society's Accounts. 

The following papers were read :— 

" Report on the Cloud Nomenclature presented to the International 
Meteorological Committee at Upsala in August 1894." By Robert H. 
Scott, M.A., F.R.S. (p. 16.) 

" Floods in the West Midlands." By Henry Southall, F.R.H.S. (p. 28.) 

" Meteorological Observations at Mojanga, Madagascar, during 1892- 
1894." By S. C. Knott, (p. 21.) 



CORRESPONDENCE AND NOTES. 

Shadows in Fog. — Daring the fogs of November 1894 I noticed a very re- 
markable, tall, dark column before one of the gas lamps on Cranleigh Common. 
On examining the lamp, I found that the flame of tne burner was diagonally 
across the lamp, ue. end on to the comer wires ; and the flame having very 
little width, the shadow of the wire on the fog was a sharply definea dark 
column, only to be seen from one particular position. The burners in the other 
lamps being placed square with the sides of the lamps, the cross lights of the 
length of the name prevented any shadow being formed. J. P. Maclear. 

Mistiness of the Atmosphere in East Winds.— A proof of mist with East 

winds, although the sky ma^ be apparently clear, appears to be afforded by the 
following fact : — When pnnting from a negative exposed to the western sky 
near the zenith with a West wind blowing, the desired effect was produced in 14 
minntes. A few days afterwards the same negative, nnder exactly the same cir- 
cumstances, but witn an East wind, the sky being apparently as clear as in the 
first case, took over 20 minutes to print to the same depth. There must have 
been a haze in the sky inappreciable to the eye. J. P. Maclear. 

Dry Snow in High Wind.— The gale on^he night of January lath, 1895, 

presented the features of a little blizzard. The fine snow was blown nnder the 
slates and tiles of nearly every roof in Cranleigh village, and found its way 
into the attics, doing much mischief to ceilings. In many cases, also, the snow 
was blown through crevices in windows and doors, and formed piles of snow 
inside. J. P. Maclear. 

Great Variation of Temperature in 7 hours.— Mr. A. F. Bowker, in writing 

from Bannack City, Montana, on January 14th, 1895, says : " I have been here 
in the Rocky Mountains for about two months in tne States of Colorado, 
Utah, and Montana, during which time I have experienced very favourable 
weather. We have not yet had more than six inches of snow here (6,000 feet 
above sea level). It is so dry that one does not feel the cold nearly so much as 
at averymnch higher temperature. On December 27 th-28th the temperature 
fell to 40° below zero Fahr., and on the following day, only 7 hours after, it was 
45° abov&'^OT a variation of 85° in 7 hours ; both are shade readings." 

Southerly Bt^prters. — The Hon. Ralph Abercromby, in December 1892, 
gave to the Royal Society of New South Wales the sum of £100 to promote 
the study of Australasian Meteorology by offering prizes for essays upon par- 
ticular phases of weather, and in rewards for special investigations. The 
subject chosen for the first essay was "The Southerly Burster,*' the prise 
being £25. This has been awarded to Mr. Henry A. Hunt, Second Meteoro* 
logical Assistant at the Sydney Observatory. The essay, which is accom- 
panied by numerous diagrams and illustrations of clouds, has been printed in 
the Journal ^the Royal Society of New Souih fVaUsy Vol. XXVIII. 
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The weather conditions indicating the approach of tlie burster are described 
as follows : — 

"The climatic conditions preceding a southerly burster are, first, a period 
of high temperature varying from three hours to three or more days, accom- 
panied in the early part of summer, or townrds its close, by wind from the West 
or North-west, and in the midsummer months ffenerally from the Xorth-east. 
In the earlyjmorning on the day of a * burst * the sky is white, and ha«y of aspect. 
As the hour of the outbreak approaches, there begin to accumulate in the south 
ball-shaped, cirro-cumulus or pilot clouds, and frequently, if electric disturbances 
are to accompany the nqualls, heavy cumuli, thunder clouds rise gradually in the 
south-west. An hour or so before the squall a heavy cumulus roll appears low 
down on the southern horizon. The interval between this appearance and the 
beginning of the gusts depends entirely on the velocity of the wind. Afar off 
this cloud roll appears most frequently due south, but sometimes south-south- 
west, or even south-west. It is sharply defined, dark on the elges, with lighter 
shades towards the centre. The roll is from 30 to 60 miles in length. Some- 
times it appears singly ; on other occasions there are a multitude of these form- 
ations heaped one above the other, with light cirrus below. Generally, if the burst 
is of the first order, it is followed by an overcast sky composed of nimbus, from 
which patchy rain descends. 

" As the cloud roll approaches, it gradually loses its symmetrical aspect, and 
careful observation reveals a light cirrus fringe rising from underneath it in 
front, falling over the top, and trailing behind the advancing cloud. Up to this 
time the wind has been blowing with steadily increasing force from a Northerly 
direction, but at this stage it drops suddenly, and a profound calm prevails, 
broken only at intervals by a few fitful puffs. This state of things lasts for a 
varying space. If the southerly arrives during the heat of the day, it endures 
but a very short time ; if at night, the calm is of no longer duration. 

'* Meanwhile the cloud roll is seen rapidly approaching, clouds of dust rise 
in the southern part of the city four miles away, and gather volume as they come, 
until they almost hide the city as viewed from Observatory Hill, while from 
immediately under the roll light clouds nish forward with great velocity, only to 
be thrown back over the top of it as they reach the front ; the wind vane on the 
time ball tower flies to the South, and the wind reaches us on the ground a 
moment later, and in a few moments is blowing with the force of a gale." 

The author deals with the burster in other colonies, and shows that it is inten- 
. sified in New South Wales b^ geographical features, and that it is sometimes 
caused by monsoonal depressions. Bursters always result in a fall of tempera- 
ture, the average fall being 18°*1. The greatest diminution of temperature 
takes place during the first hour, and the fall is most sudden when the burst 
comes at midday. The greatest fall on record was that registered on December 
30th, 1891 : at 1.50 p.m. the temperature was 9V 5 ; at 1.55, after the chang« to 
south, it had fallen to 80°-3; and at 1.57 to 79°-7 ; and at 2.15 it had descended to 
75°-0, being a fall of 22°-5 in 25 minutes. 

Mr. Hunt traces different kinds of bursters, their rate of progress along the 
sea coast, and relation to general weather conditions. He also gives a detailed 
description of two bursters, with diagrams of weather before and after, and 
photographs of clouds, with full notes of cloud changes. From the records of 
the past 31 years it appears that the average number of bursters in each year is 
32, the greatest being 56 in 1869,' and the least 16 in 1890. 

Cyolonic Precipitation in New England.— Some six years ago Prof. Winslow 

Upton examined the reports of the observers of the New England Meteo- 
rological Society for the 19 months, January 1885 to July 18%, with the view of 
investigating the distribution of precipitation in cyclones/^ He has recently 
continued the discussion from August 1886 to December 1892, and finds that the 
results confirm his previous conclusions. The most important results are ; — 

1. The precipitation iR sometimes along the path of the cyclone, but in the 
majority of cases the greatest amount is found many miles away from the path. 
These maximum areas are at the right or left, or on both sides of the path. 
The situation of the observing stations is more favourable to showing the maxi- 
mum areas at the right of the paths of storms which come to New England froiu 
the west, and at the left of those which come from the south ; h^tiee these pre- 
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dominate in the cases examined. There is a larger proportion of cases in which 
the greatest precipitation lies along the track in southern than in western 
cyclones, and the distances are less in the former class when the maximum area 
is displaced. 

2. The precipitation area does not maintain a constant position with regard 
to barometric centre of the storm, while the storm is in transit over New 
England. While departures from regulai'ity are evidently to be expected in tlie 
curve of the rain front and rear as the precipitation area passes over country of 
varied tonography, there seems to be a marked agreement between both rain 
front ana rear in showing a different average rate of progression across New 
England than that of the barometric centre. In a few cases the rate of the 
rain front and rear is more rapid than that of the centre, but in the great 
majority of storms examined the rate was very much less. In other words, the 
barometric centre is usually displaced forward in the precipitation area while the 
cyclone is crossing New England. 

Aberrations of Audibility of Pog Signals.— The U.S. Hydrographic Office 

in the Pilot Chart for November 1894 directs attention to the uncertainty of audi- 
bility of fog signals, and quotes the following examples furnished by Mr. A. B. 
Johnson of the U.S. Lighthouse Board. 

The idea that sound is always heard in all directions from its source according 
to its intensity and force, and according to the distance of the hearer from it, is 
an erroneous popular notion. Instances of this fallacy have accumulated, and 
they are emphasised by shipwrecks caused by the insistance of mariners on the 
Infallibility of their ears, who have acceptecl unquestioned the guidance of fog 
signals as they do that of lighthouses during clear weather. Audition is subject 
to aberrations, and under circumstances where little expected. Implicit reliance 
on sound signals often leads to danger if not death. 

The steamer Rhode Island was wrecked in a fog on Bonnet Point, R.I., 
November 6th, 1880. Investigation showed that Beaver Tail Point fog signal 
(about 2 miles distant) was in full operation, and also proved that while there was 
no lack in the volume of sound emitted, there was often a decided lack in the 
audition of that sound. It could not be heard at the intensity expected, nor at 
the place expected ; it would be heard faintly where it ought to be heard loudly, 
and vice versd .* it could not be heard at some points, while it could be heard 
further away ; it could be heard and lost, and heard and lost again, all within 
reasonable earshot, and all this while the signal was in full blast and sounding 
continuously. 

On the night of May 12th, 1881, the Galatea grounded in a dead calm and 
dense fog on Little Uull Island, Long Island Sound, about one-eighth of a mile 
from the fog signal. Investigation by the officers of the Lighthouse Board 
proved that the fog signal was m operation, it having been heard 15 miles distant 
at Mystic, Conn. Several da^s were spent steaming about Little Gull Island, 
and the aberrations in audition here were as numerous and eccentric as at 
Beaver Tail. 

Gen. Daune, U.S. army, in a report to the Lighthouse Board, states, regarding 
the action of six steam fog signals on the coast of Maine, that they have fre- 
quently been heard 20 miles distant, and again not heard at a distance of 2 miles. 
The whistle at Cape Elizabeth was heard at Portland, 9 miles away to windward, 
during a heavy North-east snow storm, ^he wind blowing a gale at the time. 
The greatest difficulty observed, he says, arises from the fact that the signal 
appears to be surrounded by a belt varying in radius from 1 to H miles, from 
which the sound appears to be entirely absent. This action is common to all 
ear signals, and ha3 been observed at all stations, even one on a rock 20 miles 
from the mainland^with no surrounding objects to deflect the sound. 

After carefully considering all ptiblications and experiments on the subject, 
Mr. A. B. Johnson makes the following recommendations : — 

** When approaching from windward, fog signals are likely to be heard earliest 
from aloft ; from leeward on deck. Do not assume that you are out of hearing 
distance if the signal is not heard ; nor that it is at a great distance because it 
ia faint ; nor near because it is plainly heard ; nor that a given point of the 
coarse is reaohed because the signal is or is not heard witii the same intensity as 
on some foroMr occasion ; nor that the signal has ceased s(»unding because it is 
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not heard within easy ear-shot ; nor that the aberrations of aadibilitj are the 
same in different fog signals. Do not expect to hear the siipials so well when 
the upper and lower air currents are moving in opposite directions ; or when 
wind and tide are contrary ; or during electrical disturbances ; or when the 
sounds must come over an island or point of land. When a bluff exists behind 
the signal, be prepared for irregular intervals in audition, such as would follow 
were the sound to ricochet as a cannon ball. Thus, you might hear it at 2, 4, 6, 
8, etc., miles, and lose it at 1, 3, 5, 7, etc., miles, or at any other combination of 
distances, regular or irregular. When expected signals are not made, keep the 
lead going freely and proceed carefully." 

Climate of Corsica^ — Mr. K. Richardson, in the Scottish Geographical Maga- 

tine for October 1894, gives some particulars about the climate of Corsica. 
After referring to a pamphlet published by Mons. C. Gu^rin, formerly a meteo- 
rological observer at Ajacco, he says : M. 6u6rin makes the somewhat remark- 
able statement that, after numerous observations in years which were reported 
rainy, only 50 days on an average per annum were recorded at Ajaccio during 
which the sun did not shine. He adds that most rain falls during the autumnal 
equinox towards the close of September, less rain falling during the vernal 
eouinox. As to winds, the worst are the Libeccio (South-west) and the Mistral 
(North-west), whilst the East wind and South-east wind (Sirocco) are extremely 
hot. M. Gu6rin declares, after a long experience, that there are really only two 
seasons at Ajaccio, one warm and dry, from Ma^ to September ; the other genial 
and temperate, from October to the end of April. The temperature in winter is 
more constant than on the Riviera, where the ic^ wind from the Alps makes 
more victims than is generally supposed. Again, the air of Ajaccio is more 
salubrioua for invalids tnan that of Algiers, where the summer is scorching, and 
winter, owing to the vicinity of the Atlas range, more trying than in some towns 
in the centre of France. 

The fact is that we must remember, in comparing Corsica with the Riviera or 
Algeria, that Corsica is an island, and therefore much more exposed than they 
are to marine influences. Whilst these marine influences temper heat, they also 
prevent cold winds from having their icy character which a passage in winter 
over land alone is apt to entail. 

The average temperature and rainfall at Ajaccio are as follows : — 

Jan. Feb. Mar. Apr. May. June. July. Aug. Sept Oct. Nov. Dec Year. 

Temp 61-0 dfs iib hil Mi lOS 7i'$ if 2 7\-i sIs A-B SIS O^O 

Bain S'39 1*69 194 207 lib 0-71 015 107 101 SSI 4*96 S-40 SS*76 

The climate of Corsica, as a rule, is healthy, except on the east coast and near 
marshes at the mouths of rivers. To overcome the malarial atmosphere at such 
places, eucalyptus trees have been planted along the roads traversing them. 
Both Dr. Bennet and Miss Gertrude Forde agree that the best time to visit 
Corsica is during spring. " The climate," says the latter, *' is delicioos in early 
spring, and the flowers and trees are in their ^lory in April and May. The low- 
land towns become hot and unhealthy for visitors in June, if not before. The 
east coast of the island is to be avoided by travellers, being rife with malarious 
fever." 

Temperature of the Earth's Crust iu the Sahara.— Mons. Georges Rolland 

has made a communication to the Academic des Sciences on the rise of tempera- 
ture with the depth, as ascertained by observations in artesian wells, mines, &c. 
About 1° F. for every 53 feet is the usual increase of temperature below the level 
of constant temperature, but in the Sahara the rise is much more rapid. In the 
Wed Rir the temperature of the subterranean reservoirs has been found to be 
from 73°' 4 to 80°*2, and the mean of the most reliable observations along the 
principal artery is 78° for an average depth of 246 feet. It may be estimated, 
according to MM. E. Renou and L. Teisserenc de Bort, that the stratum of con- 
stant temperature lies at a depth of about 65 feet, and that its temperature is 
71° to 78°. Thus the difference of level between the stratum of no variation and 
the great reservoir of the Wed Rir would be about 180 feet, and the difierence 
of temperature 6°, and consequently the rate of increase about one defpree for 
every 30 feet. Further south, at Wargla, M. Rolland^s observations indicated a 
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^et more rapid rise. It is trae that these observations apply only to the water 
in the wcllSf but M. Rolland believes that, under the actual conditions, the 
temperature of the wells of the Sahara may be taken to be that of the surround- 
ing strata. In conclusion, M. Rolland affirms that in many parts of the Sahara, 
between lat. 33° and 35°f the temperature of the ground really rises with the 
depth in the ratio of not less than one degree to 35 feet, and often more rapidly ; 
but he does not consider that so high a variation of temperature inversely to the 
latitude can be inferred, as a comparison with observations in Europe would give. 
— Scottish Otographical Magazine, 
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American Meteorological Journal, October-December 1894. Yol. XI. 
No8. 6-9. 8vo. 

. The principal articles are : — The Meteorological Services of South America 
If. : by A L. Kotch (10 pp.). In this paper the author gives an account of the 
meteorological organisations in the Argentine Republic ; Uruguay and Brazil. — 
'J'he forecasting of Ocean Storms, and the best methods of makine sucli fore- 
casts available to commerce : by W. Allingham (10 pp.). This is the reprint of 
a paper read at the International Meteorological Congress at Chicaffo in August 
1894. — Sunspots and Auroras : by Prof. II. A. Hazen (7 pp.).— Cyclonic Precipi- 
tation in New England : by Prof. W. Upton (30 pp.). — The barometer at Sea : 
by T. S. O'Leary (8 pp.). — Psychromeler Studies : by Dr. N. Ekholm (8 pp.). — 
Meteorological records obtained in the upper air by means of kites : by U. H. 
Clavton (6 pp-)* This paper describes some experiments and observations made 
by Mr. W. A. Eddy by means of kites at the Blue Hill Observatory. Among 
other interesting results were the following : — On July Slst, 1894, the kites were 
let up at noon in a sea breeze. When the kites had risen about 40'J feet above 
the hill the topmost kite veered arouud from the west, thus giving the depth of 
the sea breeze as 1,000 feet above sea level. During the afternoon the sea breeze 
steadily increased in depth, and veered towards the south. On August 6th, 
during the prevalence of light winds from the West, an effort was being made 
to elevate the kites, which refused to remain permanently in the air, since the air 
movement was not sufficient to sustain the heavy kites employed. But at 
2.20 p.m., while a 6 foot kite was being maintained at a short distance above the 
hill by means of sundry jerks and pulU, a rather large cumulus cloud approached 
the zenith, and suddenly the kite began to ascend almost vertically. Cord was 
rapidly let out, and in a short time the kite was flying directly overhead, and 
continued to rise until all the available cord had been let out. It followed 
the cumulus for a short distance beyond the zenith, then rapidly dropped to the 
earth. Mr. Eddy afterwards measured the length of cord out and reported 1,172 
feet, which must have been approximately the altitude of the kite, since the cord 
hung almost vertically under it. This seems to furnish striking evidence of the 
existence of ascending currents under the cumulus cloudf<. The kites also at 
times gave evidence of great aerial eddies around and above the hill, which 
swayed the kites from side to side. — Meeting of the International Meteorologi- 
cal Committee : by A. L. Kotch (7 pp.). This is an account of the proceedings 
at the Meetings of the Committee held at Upsala, August 20th to 24th, 1894. 

Atmiiaire de la SociStS MSteorologique de France, April- September 1894. 4to« 

The principal pa^^rs are : — Sur Torigine des orages et des perturbations atmo- 
aph^riques : par J. K. Plumandon (7 pp.). — Recherches pratiques sur la photo- 
graphic des nuages : par G. Raymond (7 pp.). — Influence r^elie des eaux sur la 
temperature : par M. Bouvet (4 pp.)— Sur le regime des pluies dans le Canal de 
Suez : par A. Angot (4 pp.). The author has tabulated the rainfall at Port Said, 
Israailia, and Suez, the records extending over 17 years, viz. 1866-68 and 1880-93! 
The mean monthly results are : — 

Jan. Feb. Mar. Apr. May. Junt. Julj. Aug. Sept. Oct. Nov. Deo. Year, 

in. in. in. in. in. in. in. in. in. in. in. in. in 

Port Said M 47 89 -27 -OS 01 — — 08 -27 -24 103 3*62 

IimaiUa ... ... -47 -33 -29 15 16 — — - — 17 .qs .|0 j-oa 

9«ei -24 -09 •©• -16 '21 -01 — — '01 -08 -07 -12 l-0> 
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Provisions siir la tenue des sources et des eaux eourantes dans ]e bassin de la Seine 
pendant r0t6 et Tautomne 1894: parG. L6moine (2 pp.). — ROsumS des obser- 
vations mOidorologiuuesfaites & I'Ob^ervatoire de la Tour Saint-Jacques en 1891, 
1892, et 1893 : par J. Jaubert (22 pp.).~Troinbe dans le Calvados, 6 Juin 1894 : 
par (Jr. Guilbert (2 pp.). — Observations metOoroIogiques faites au cours d*une 
mfssion dans le pays des Touareg Azdjer, Octobre 1893-Mar8 1894 : pars F. 
Foureau (10 pp.)* 

Clnudland ; a Study on th$ Structure and Characters of Clouds, By Rev. 
W. CLKBfENT Ley, M.A., F.R.Met.Soc. 1894. 8vo. 208 pp. and 
6 plates. 

This work has been very well got up, and is illustrated with numerous coloured 
plates, photographs, charts, and diagrams. The author has been a life-long 
observer of clouds, and he here sets forth the results of his experience and pro- 
poses a new classiiication and nomenclature of clouds. The list comprises 27 
separate forms, which are arranged as follows : — 

Clouds of Radiation. 
N§bnln — Fog. NehuUi StiUans — Wet Fog. Xebula Puivera-^Dubt Fog. 

Clouds of Inter fret. 

Nubea Informis — Scud. Stratus \Faculo$tis — Mackerel Cloud. 

Stratus Quietus— Quiet Cloud. Stratus Castellatus— Turret Cloud. 

Siratits Letitieularis — Lenticular Cloud. Strains Prcfcipitam — Plane Shower. 

Clouds of Inversion. 

Cumuh-rudinifntum — Rudiment. Cumulo-nimbus Nivosus — Snow Shower. 

Cumulus — Heap Cloud. Cumulo nimbus Mammatus — Festooned 

Shower Cloud. 

Cumulo stratus — Anvil Cloud. AVmAiM— Rainfall Cloud. 
Cumulo'Stratus Mammatus — Tubercled 

Anvil Cloud. Nimbus Grandineus — Hail -fall. 

Cumulo-nimbus — Shower Cloud. ^ Nimbus Nivosfts — Snow-fall. 
Cumulo-nimbus Grandineus-^Hail 

Shower. 

Clouds of Inclination. 

Nubes Fulyem — Luminous Cloud, CirrO'Velum — Veil Clou<i. 

Cirrus — Curl Cloud. Cirro- velum Mammatnm — Draped Veil 

Cloud. 
Cirro Jilum — Gossamer Clou'^, C/rro-mrtow/a- Speckle Cloud. 

The author describes each of the above forms, and gives an account of their 
formation. 

As observations of the direction of Cirrus are held to be of service for fore- 
casting purposes, the following rules by the author may be considered useful and 
instructive : — 

^* Cirrus moving from North or Northeast with a high barometer is a sign of 
settled weather in summer and of temporarily fine weather in winter. With a 
low harometur it is a sign of marked improvement in weather. 

" Cirrus moving from East, a rare occurrence, is a sign of fine weather in 
winter, but of unsettled weather in summer. 

" Cirrus moving from South-east (but it rarely does so with a low and unsteady 
barometer) is a sign of improving weather in winter, and in summer frequently 
indicates coming thunderstorms. 

*' Cirrus moving from South is generally an indication of Amsettled weather, 
especially in summer. The temperature is then usually above the mean for the 
time of year. 

*' Cirrus from South-west indicates unsettled and sometimes stormy weather 
in winter. In summer it often precedes thunderstorms, but with a high 
barometric pressure and 'a high temperature it frequently has no disturbing 
influence, and is then usually replaced by Cirro macula, 

" Cirrus from West is commonly in summer a symptom of fair weather, but it 
is less so in winter. 

" Cirrus from North-west, when not tending to the form Cirro filnm^ is an 
indication of temporary fine weather, especially in summer," 
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Mr. Ley also devotes chapters to the theory of atmospheric currents ; the pre- 
vailing winds of the globe ; cyclones and anticyclones and their cloud-forms ; 
and prevalent cloud-formH of the globe. 

In conclusion, the author urges the preparation of a set of typical weather 
charts for each distribution of elements, shovving isobars, winds, and weather, 
including cloud-forms and upper currents. Each chart should be numbered and 
printed on the left page of a large book, and on the opposite page a short de- 
scription of probabilities of general changes should be given in reference, more 
especially, to the season of the year. If these charts were plentifully distributed 
over the country, at sea ports, &c., all that the central office need do would be 
to wire simply the number of the page, when any one who turns to the chart 
indicated would know at once what weather to expect. 

Meteorologische Zeitschrift. Bedigirt von Dr. J. Hakn and Dr. G. Hell- 
MANN. October and November 1894. 4io. 

The principal contents are: — Einige Ergebnisse wissenschaftlicher Fahrten 
des M&nchener Vereines f&r Luftschiffahrt : von S. Finsterwalder und L. Sohncke 
(16 pp.). These ascents are particularly interesting, from the proximity of 
Munich to the mountains, where there are several high level stations. The 
result of all the temperature observations is to show that in the free atmosphere, 
as compared with mountain stations, the temperature is lower by day and higher 
by night, so that the range at the mountain stations is greater than in the balloon. 
The next point investigated was the evidence of unstable equilibrium preceding 
thunderstorms. Of this, five cases came under observation. The other subjects 
discussed are the inversion of temperature on warm nights in summer ; the 
decrease in aqueous vapour with height ; and the development of stratification 
in the atmosphere. On the whole, the results agree very satisfactorily with the 
theoretical deductions of Dr. Hann. — Einige Bemerkungen fiber die Anwendung 
der Phoiogrammeter zur Messung von Wolkenhohen : von N. Ekholm (5 pp.). 
This is a correction of some statements contained in a pamphlet by Dr. Akerblom, 
issued at Upsala last summer. — The November number is entirely occupied by 
three papers bv Dr A. Woeikof, at least as far as the printing in large type 
extends. The hrst paper is on the dependence of rain upon changes in the sec- 
tional area of lur currents. The author seeks to prove that the stronger the 
winds the less rain falls. The second paper is on the daily range of temperature 
and hydrometeors in Northern India. He finds that there are three types as 
regards relative humidity, viz. — 1. Minimum at sunrise, and maximum in after- 
notm or evening. 2. Double period : two maxima in the late morning and 
evening, and two minima in the early morning and the afternoon. 3. Maximum 
in the morning and minimum in the afternoon. He gives the stations coming 
undef each class, and proceeds to explain the causes of the difference. The 
third paper is on the rainfall of the south-west of the Caucasus. 

Meteorology f Practical and Applied, By John William Moobe, B.A., 
M.D. Sanitary Series, No. 1. 1895. 8vo. 445 pp. 

This book is divided into four parts. The introduction is followed by an 
account of the methods which are emidoyed in practical meteorology. A ]ar«;e 
portion of this, huwevrr. 68 pai^es in all, is devoted to the history, work, and 
publications of the U.S. Weather Bureau. The third part treats of climnte and 
weather. In the fourths part some of the practical bearings of the subject are 
pointed out. The author also discusses the question of the influence of weather 
and season upon disease. The work is copiously illustrated with engravings of 
instruments, &c. 

Proceedings of the^ Australasian Association for the Advancement of Science, 
1894. 8vo. 

Among the papers read before the Association was " Meteorological Work in 
Australia: a Review," by Sir C. Todd, F.U.S., which gives a brief and succinct 
account of meteorological work in Australia. Sir C. Todd traces the history of 
the meteorological orgHnisations in New South Wales, Victoria, South Australia. 
Western Australia, Queensland, Tasmania, and New Zt aland ; and also de- 
scribes the present condition of meteorological science. With regard to South 
^UBtralia^ the three principal weather conditions are : — 1. A continual series of 
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anticyclonic areas, which in the winter pass over the interior, covering the whole or 
greater part of the continent, with gradual falling gradients from the centre, 
while in the summer they pass along or near the south coast. 2. Cyclones, dis- 
turbers of the peace, but bringing fruitful rains ; sometimes, alas I disastrous 
floods. These are mostly of tropical origin, and, starting on a west to south- 
west course, they re-curve south of the trade belt, and move to the south-east. 
Some — those approaching from the north-east of Australia — strike the east coast 
of Queensland, others enter by the Gulf of Carpentaria, and passing inland, shed 
rains over the western interior of Queensland and New South Wales ; others 
pass over the interior from the north-west ; whilst others again pass to the west 
of Australia, and ultimately, rounding the Leeuwin, appear as a south coastal 
disturbance. 3. Northerly extensions of the antarctic Jow pressure, which pass- 
ing along the south coast, give winter rains, and, on their retreating side, south- 
westerly gales. 

Report on Meteorological Ohseroatiom in British East Africa for 1893. By 
E. G. Ravbnstein, F.B.Met.Soc. 1894. 8vo. 12 pp. 

This Report, which is published by authority of the Directors of the Imperial 
British East Africa Company, gives a summary of the meteorolop;ical records 
kept at Chuyu, Mombasa, Malindi, Magarini, Lamu, Witu, and Kisimayu, on or 
near the coast, and at Machakos and Fort Smith in Kikuyu in the interior. 
The rainfall appears to decrease very rapidly northward along the coast. Mr. 
Ravenstein believes that the mean annual rainfall is as follows : — Mombasa, 51 
ins. ; Malindi and Jilori, 45 ins. ; Magarini, 39 ins. ; Lamu, 37 ins. ; and 
Kisimayu, 11 ins. 

Symofis's Monthly Meteorological Magazine. October-December 1894. Vol. 
XXIX. Nos. 846-847. 8vo. 

The principal articles are : —Protection from Lightning (2 pp^. — The recent 
Drought in the Midlands : by Rev. G. T. Ryves and Rev. T. A. rrestou (5 pp.). 
— Enormous Hailstones (3 pp.). On August 26th, 1894, a number of violent 
thunderstorms occurred in the north of France and in Belgium, and were accom- 

?anied by hail of great size. It is reported that many of the hailstones weighed 
oz. At Blancfosse, Oise, some of the hailstones weighed 10} oz. ; at Beau, 
eourt hailstor.es were picked up weighing nearly 2 lbs. ; while at M^^res one 
which came through a window and broke a workbox is stated to have weighed 
2 lbs. 10 oz. I Sheep, birds and game were killed by the hailstones. — Rainfall 
at Jerusalem (4 pp.). From observations extending over the 32 vears, 1861-1892, 
it appears that tne average monthly rainfall at Jenisalem is as follows : — 



January 

February ... 

March 

April 

May 

June 

The yearly total is 25^23 in., with 55 rainy days. 

The mean rainfall is almost identical in total with that in London, but no rain 
falls between May and October, and about a fifth of the yearly total falls in 
each of the three months, December, January, and February. — Storm of September 
20th, 1894, at Martinique (2 pp.).— The Floods of November 1894 (10 pp.). 
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In the long and patient pursuit which the attainment of all accurate know- 
ledge exacts from man, it may sometimes be instructive to turn one's gaze 
backward and contemplate the errors which have been corrected, the fallacies 
which have been demolished, and the superstitions which have been lived 
down; and this consideration has prompted me to take for the subject of 
this year's Address that wide range of human opinions which may fitly be 
classed under the head of ** Weather Fallacies.'* 

Nothing could have been more in accordance with the law of growth in 
other branches of knowledge than that Meteorology should, in its earliest 
dawn, have been with difficulty able to emerge from the mists and darkness 
of guesses and surmises such as have surrounded the transfer of any truth 
from the barbaric to the philosophic stage. 
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It is io the Greeks that we must look for the first real weather observa- 
tions after the matter had passed through what may be called the mere 
savage phase ; and we find Hesiod, Theophrastus, and Aratas presenting us 
with an early code of rales, which serve at least to show as how little we 
haVe oarselves advanced in some matters since their time. 

One of oar Fellows, Mr. J. G. Wood, has jast given to the world an 
excellent and scholarly translation of the work of Theophrastas, which has 
not previously been pat in an English garb, and Mr. Wood has done the 
whole country a great service in giving us this translation of the Wind$ €md 
Weather SignSf a book which contains a host of rules and observations 
about the weather, and which, as might have been expected from the pro- 
duction of the fiEivourite pupil of Plato and Aristotle, is singularly free from 
errors of the grosser and more superstitious kind, such as were plentifully 
produced in Western Europe many centuries later. 

But long before the time of Theophrastus, and probably very soon after 
the invention of agriculture itself, there were weather gods and weather 
fallacies; for we find that Jupiter Tonans and Pluvius — the thunderer and 
the rain maker — were set by men on the highest pedestals. And centuries 
after this, Lucian tells us that it was usual in his time to offer prayers 
for suitable weather, and he recounts in his Dialogues how two countrymen 
were at the same time offering up contrary petitions, — one that not a drop 
of rain might fall until he had completed his har^rcst, while the other prayed 
for immediate rain, in order to bring on his backward crop of cabbages, — both 
suppliants only too sure to find that the ears of the image were deaf as the 
stone of which they were made, and that the wheels of the universe would 
not wander or turn back for any selfish ends of man. 

In considering these early times when the weather had to be studied from 
cloud, sky and sea, and from the behaviour of the animals and plants, we 
must be ready to excuse men for doing that which is still too frequently a 
cause of error, viz. foretelling what they most wished for, and putting down 
as universal law that which was only a coincidence of totally independent 
events. In considering weather fallacies it will be impossible to follow a 
chronological order, so I shall treat them, or rather a small portion of them, 
under the heads of saints* day fallacies, sun and moon fallacies, and those 
concerning animals and plants, while finally I shall consider the almanack 
makers, weather prophets and impostors who have from time to time fur- 
nished the world with materials for its credulity or its ridicule. 

The first class of weather fallacies which 1 shall scarcely more than 
mention, are those which refer to the supposed connection between the 
weather of any day in the week or year, and that of any other period, and it 
may be as well to state at the outset that there is no kind of foundation in 
fact for any of these so-called rules. They are for the most part born of the 
wish to see certain kinds of weather at certain times of year, and, like all 
these predictions, were faithfully remembered when they came true, and 
promptly forgotten when they failed. One has often heard — 

** Fine on Friday, fine on Sunday," 
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Or that ** Friday is the best and worst day of the week/' and the superstition 
even extends to hoars of the day, for we have — 

** Rain at seven, fine at eleven," 

which is only another way of saying that rain does not usually last foUr 
hours, and the rule generally fails when applied to daily experience, but the 
host of proverbs connected with saints' days are more difficult to deal with, 
on account of the longer time which elapses between the prophecy and its 
fulfilment or failure. All or most of these proverbs concern the days of 
certain saints, though I think no one imagines that this is anything more 
than a convenient method of fixing the date, because our ancestors had a 
saint for every day, so that they naturally referred to the day by his name. 

There are forty weather saints, among the most prominent of whom is 
undoubtedly St. Swithin, whose day is July 15th, and the superstition is 
that if it should rain on that day it will rain for 40 days after. Now, as 
Mr. Scott observes, this date is very near a well known bad time in wet 
years, as the terms, long in use, of " St. Margaret's flood " and <* Lammas 
flood " abundantly testify. The fact that some of these heavy rains began 
on July 15th has been enough material for the adage-monger, and so we 
have another ** universal " law laid down, a law which is, however, constantly 
broken, as every student of the weather very well knows. The whole thing 
is a fallacy of the most vulgar kind, and ought speedily to be forgotten, 
together with all the adages which make the weather of any period depend 
on that of a distant day. 

Turning in weariness from this class of superstitions, which may be said 
to belong to the self- exploding order, we are next met by an extensive array 
of authorities who, under the protecting shield of astronomy, profess to have 
framed infidlible rules for the weather as judged from the ever- varying 
relative positions of the sun, moon, and planets. They attack us systema- 
tically and persistently, appealing to analogy, to reason, and to common 
sense. But it is sometimes necessary to be on our guard, even against 
common sense, in considering problems to which uncommon sense has for 
centuries been devoted without avail. The well-known action of the sun 
and moon upon the ocean tides is generally the starting point of these 
theorists, and it is soon shown to common sense that when the earth is 
nearer the sun, or the moon is nearer to the earth (it being remembered that 
they move in elliptic orbits), or when both sun and moon are, as it were, 
pulling together, as at new moon, there ought to be a tide of atmosphere 
caused by their influence similar to the tides of the ocean, which such agencies 
undoubtedly produce. But we find that whatever so-called reason, analogy, 
and common sense may seem to dictate, the facts will not follow in the path 
marked out for them ; and the atmospheric tides refuse to ebb and flow, 
except in a most infinitesimal degree, quite disproportioned to their supposed 
moving forces. The theorists must try again, and they do so by pointing 
oat that the moon and earth move in planes which are inclined to each other 
ftt an angle, and that at some times of the year the attraction of the sun and 
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moon are acting in somewhat widely diverging lines, whilst at others they 
are pulling more nearly in the same plane. Here is, they say, a clear case. 
At times, when the angle is greatest, there shoold at any rate he worse 
weather caused hy the conflicting forces. When the moon is said to he " on 
her hack," or, in other words, when the line of the shadow boundary of the 
half-moon or crescent is much inclined to the earth's axis, then is the time, 
say they, for tempests and commotions to come. But again the spirits from 
the ** vasty deep " do not come when called, and we have to invent other 
causes for our earthly disturbances. 

It may be safely said that a new moon theory as to the weather comes out 
at least once a year, and it has been attempted to connect the honoured 
name of Sir William Herschel with a table which professed to show the 
dependence of weather changes on those of the moon. 

By the kindness of Mr. Symons I am able to show you on the screen a 
much magnified representation of this production, now very scarce, and 
which has the name of Herschel in large capitals, no doubt as a sort of 
ballast to give it weight and steadiness, though it does not definitely state 
that Herschel had anything to do with it. Herschel 's own letter on the 
subject runs as follows : — 
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So that any Fellow of this Society who sees one of these diagrams in the 
future will know that it is a fraud. 

Of course it is in the power of every one to check the predictions which 
are so often issued with respect to tlie changes of the weather taking place 
at the change of the moon ; but many eminent men have occupied them* 
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selves with the subject, and the result is that no correspondence between 
the two classes of phenomena has been established. 

Dr. Horsley examined the weather tables of 1774, as published by the 
Royal Society, and out of 46 changes of weather in that year only 10 
occurred on the days of lunar influence, only two of them being at the now 
moon, and none at all at the full. M. Flarguergues, of Viviers, found also 
as the result of 20 years* observations, that the barometer readings taken 
when the moon was furthest from the earth averaged 755 millimetres, and 
when nearest, 754 millimetres, showing a difference of 1 millimetre or about 
'04 inch, and this in a direction i^ainst the theory, the pressure being 
greater by that amount when the moon was farthest from the earth. 

Various other weather seers have pinned their faith on lunar cycles, and 
have predicted that weather changes would repeat themselves, as soon as the 
sun and moon got back into the same relative positions, which they do in 19 
years, with only an error of an hour and a half. Others, such as Mr. G. 
Mackenzie, advocated a cycle of 54 years, but it may be summarily stated 
that all the cycles have broken down, and that, as far as we know, there is 
no definite period after which the weather changes repeat themselves. 

Other fallacies about the moon are numerous, such as that the full moon 
clears away the clouds ; that you should only sow beans or cut down trees 
in the wane of the moon ; that it is a bad sign if she changes on a Saturday 
or Sunday ; that two full moons in a month will cause a flood ; that to see the 
old moon in the arms of the new brings on rain, and many others, of which 
a catalogue alone would take up a good deal of space. M. Flammarion says 
that ** the moon's influence on the weather is negligible. The heat reaching 
us from the moon would only afiect our temperature by 12 millionths of a 
degree ; and the atmospheric tides caused by the moon would only aflect the 
barometric pressure a few hundredths of an inch — a quantity far less than 
the changes which are always taking place from other causes." On the 
whole we are disposed to agree with the rhyme which thus sums up the 
subject : 

The moon and the weather 
May change together ; 
But change of the moon 
Does not change the weather. 

Even the halo round the moon has been discredited, for Mr. Lowe found 
that it was as often followed by flne weather as by rain, and Messrs. Marriott 
and Abercromby found that the lunar halo immediately preceded rain in 84 
cases out of 61. We always have a lingering hope that some future 
meteorologist will disentangle the overlapping influences, and arrive some 
day at a definite proof that our satellite after all has something to do with 
cor weather. 

About the son, also, there are many fallacies, and ever since the discovery 
that the spots which appear on his surface have a period of greatest and 
least frequency, there have been theorists in shoals who have sought to prove 
that this fact roles our weather. It has undoubtedly been found that the 
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frequency of son spots and the variations of the magnetic needle are inti- 
mately connected ; and it is almost equally well established that the aarora 
appears and disappears in some sort of sympathy with the sun spot varia- 
tions. But this, up to the present, is as far as we can get in this direction, 
for our weather seems to have no relation whatever to these changes. 

The more recent discoveries of prominences visible round the disc of the 
sun during an eclipse, and of the light clouds only seen in M. Deslandres* 
spectro-photographs, will no doubt call out new weather theories on the 
subject. And I must confess to a wish that those mysterious flame-like 
bodies rushing from the sun millions of miles into space, will be found to 
have some influence on the upper layers of our earth's atmosphere; but I 
also hope that we may be saved from a theory on the subject until more 
facts are before us. 

Coming down to earth again, we are met by a long array of fallacies con- 
nected with the behaviour of animals and plants, and which have a supposed 
connection with weather changes. Few of these are so well grounded that 
they may be considered as proved, and as nothing is sacred to a meteoro- 
logist, our veteran Fellow, Mr. E. J. Lowe, F.R.S., has endeavoured to 
put some of the rules from this source to the test of definite observation. 
He took a number of well known signs said to indicate change, and carefully 
noted what happened after each sign, and although he does not say that all 
indications from animals, birds and plants are useless, yet certainly those 
he did investigate seemed utterly to break down. 

He took the well-known signs of bats flying about in the evening, many 
toads appearing at sunset, many snails about, fish rising much in lake, bees 
busy, many locusts, cattle restless, landrails clamorous, flies and gnats 
troublesome, many insects, crows congregating and clamorous, spider-webs 
thickly woven on the grass, spiders hanging on their webs in the evening, 
and ducks and geese making more than usual noise. Mr. Lowe found that 
in 861 observations of the above signs, they were followed 218 times by 
fine, and only 148 times by wet weather; so that even after the prognosti- 
cations for rain, there was a greater preponderance of fine weather. He 
called a day fine when no rain was measurable in the rain gauge. Mr. Lowe 
says that even swallows flying low cannot be depended on, as, especially at 
the close of summer and autumn, they almost invariably skim the surface of 
the ground, and Mr. Charles Watorton, the naturalist, decided, after careful 
observation, that the unusual clamour of rooks forms no trustworthy sign of 
rain. These must, therefore, swell the list of fallacies, although there are 
many other rules which have not been so carefully examined, but which may 
stUl be true. My own impression is that although it is painful to dismiss 
the animals from their ancient position as weather prophets, we may con- 
sider them as indicating what they feel, rather than as predicting what is to 
come, and that their actions before rain simply rise from the dampness, dark- 
ness or chilliness preceding wet weather, and which render these creatures un- 
easy, but not more so than they aflect man himself. The sheep turning its 
back to the wind (one of the best known signs of rain) is probably only 
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that it may shelter its least protected part from the effects of the weather ; 
and many of you mast have observed sheep sheltering their heads from the 
heat by getting them into the shade of each other's bodies in a similar way. 

As to cows scratching their ears, and goats uttering cries, and many other 
signs of bad weather, they are at least very doubtful ; whilst the adage about 
the pig which credits him with seeing the wind, carries with it its own con- 
demnation. 

The medicinal leech is still left on the list of weather prophets, though he 
has no doubt had his powers exaggerated ; and two books have been written 
about his behaviour during changes of weather. One is by Mrs. Woollams, 
who, during a long illness, watched a leech in a bottle, and carefully noted 
what it did ; and the other is by a gentleman at Whitby, who came to the 
conclusion that the leeches could be made to give audible and useful storm 
warnings. So he contrived the instrument, of which I now show you a 
drawing taken from his book. No one would imagine from its appearance 
what its use could be. It consisted of 12 glass bottles each containing a 
leech in water, and so arranged in a circle, in order, as the humane inventor 
states, that the leeches may see each other and not endure the affliction of quite 
solitary confinement — this rather reminds us of Isaac Walton, who told his 
pupil to put the hook into the worm ** tenderly, as if he loved it *' — in each 
bottle was a metal tube of a particular form, and which was made somewhat 
difficult for a leech to enter, but into which it would endeavour somehow to 
creep before a thunderstorm, according to its nature. In each tube was a 
small piece of whalebone, to which a gilt chain was attached, and so arranged, 
on the mouse-trap principle, that when the whalebone was moved the bell at 
the top of the apparatus was rung by means of the chain. There were 12 
leeches, so that every chance was given that one at least would sound a storm 
signal. The author called this apparatus the ** Tempest Prognostioator/' a 
name which he preferred — and I think we shall agree with him — to that 
of atmospheric electric telegraph conducted by animal instinct. He went on 
to state in his little book that he could, if required, make a small leech ring 
the great bell of St. Paul in London as a signal of an approaching storm. 
The book is written in all seriousness, and a number of letters are appended 
from gentlemen who certify that correct atmospheric indications were at 
various times given by the leeches. The name of the inventor of this in- 
genious contrivance was Dr. Merryweather — ^himself a learned leech. 

Plants have also their advocates as weather indicators ; and there is no doubt 
that in most cases they act in sympathy with changes in the dampness, gloomi- 
ness, or chilliness of the air, and as these conditions generally precede rain, 
one cannot term the indications altogether fallacious. The pimpernel and 
the marigold close their petals before rain, because the air is getting damper, 
while the poplar and maple show the under surfEice of their leaves for a 
similar reason. Indeed, an artificial leaf of paper may be made to do the 
same thing, if constructed on the same principle as the natural one — a hard 
thin paper to represent the upper side of the leaf, and a thicker unsized 
paper for the lower side ; these will, if stuck together, curl up or bend down 
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in sympathy with the hygroscopic condition of the air. A slip of ordinary 
photographic paper will do the same, and will curl up at once when placed 
on the hand. 

The same slackness which moisture produces in plants applies in some 
degree also to insects, some of which can only fly in sunshine, so that 
there is a chain of weather signs all following from a little dampness in the 
air. The flowers close their petals and shut in their honey, the insects can- 
not fly so high, and the swallows seeking them skim the surface of the earth, 
and even then the threatened shower may not come. 

In 1892 attention was directed to a plant, the abriis precatorius, a beautiful 
shrub of the mimosa kind, which has the property of being sensitive in 
a high degree, so that its pinnate leaflets go through many curious move- 
ments, and it was claimed that these form a guide of unerring certainty to 
foreshow the coming weather. Even earthquakes were said to be predicted 
by this wonderful plant. If it closed its leaflets upward, after the manner 
of a butterfly about to settle, fair weather was shown ; when the leaflets 
remained flat, changeable and gloomy weather was indicated ; while thunder 
at various distances was to be foretold by the curling of the leaflets, and the 
nearer the thunder the greater the curl, until when the points of the leaflets 
crossed, the thunderstorm was indicated as being overhead. Changes of 
wind, hurricanes, and other phenomena were to be shown by the various 
curious and beautiful movements of the leaflets and stalks. These move> 
ments undoubtedly took place, but when the plant was submitted to the 
unprejudiced observation of Dr. F. W. Oliver and Mr. F. E. Weiss, at Eew 
Gardens, those gentlemen failed to And any connection between these move- 
ments and the weather, and Dr. Oliver made a report on the matter, which hits 
the heart of the whole subject of plant movements, by ascribing them for the 
most part to the agency of light and moisture. Mr. Scott, of the Meteoro- 
logical Office, gave the finishing stroke to the theory by proving that the 
movements had no connection with either cyclones or with earthquakes, so 
that the sensitive plant may be considered as out of the list of weather 
guides, in spite of having been made the subject of an English patent. 

It is a most common observation in the country that a large crop of hips, 
haws, and holly-berries indicates a severe winter to follow, and it is generally 
pointed out that nature thus provides winter food for the birds. This, too, 
is a fallacy. 

Another weather fallacy, for which artists are responsible, is that 
flashes of lightning take the form of long angular lines of a zigzag shape, 
and of which I show you an example, taken from a work on the subject. 
This, when compared with the next view, which is a photograph taken direct 
from nature, shows that the artist had very little understood the true form 
of the lightning flash, which consists of numbers of short curves joining each 
other, something like the course of a river depicted on a map, or in some 
degree like the outline of a clump of leafy trees seen against the sky. But, 
as far as I know, there were only two artists whose acute vision saw light- 
ping in anything lik« its true form. One was Turner, who long before the 
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time of photography, scratched his lightning flashes with a penknife, making 
short curved dashes across [the picture ; and the other was Nasmyth, the 
astronomer and engineer, who also saw the lightning in its true form, and 
duly noted the same, only to be confirmed years afterwards, when it became 
easy to photograph the lightning flash hself. While on the subject of light- 
ning, I may mention that it is recorded that in one case at least a rheumatic 
man who had been confined to bed six weeks, received a shock from a 
stroke of lightning, jumped from his bed, and ran down stairs completely 
cured. This is related in the Gentleman's Magazine for June 1820. 

It has been often stated that the noise of cannon will produce rain, and it 
is not anusual in the Austrian Tyrol to hear the church bells ringing to 
avert thunder. These are fallacies. The experiments in America made 
recently to test whether rain could be produced by exploding a large quantity 
of gunpowder in the air, resalted in nothing except noise and smoke, though 
the thing was well worth trying. 

Empedocles of old is credited with the invention for chasing away the 
Etesian winds by placing bottles made of the skins of asses on the hills to 
receive them. Timaeus relates this. After hearing this about Empedocles, 
one is not surprised to learn that ho thought there were two suns, that the 
moon was shaped like a dish, and that the sea was the sweat of the earth 
burnt by the sun. All this will be found in Stanley's Lives of the Philosophers, 

Almost in our own time, too, a "pluvifuge," or machine for blowing away 
rain, was proposed to be constructed in Paris. This, too, was a fallacy. 

To give an account of all the various ceremonies in savage and civilised 
countries, which have been resorted to for the purpose of changing the 
course of the weather, would be here impossible; but such rites have a 
common origin, and a common result. They begin in error, and end in 
failure. In India, the rain-god is imagined to pour down showers through 
a sieve ; in Peru there was supposed to be a celestial princess, who held a 
vase of rain, and when her brother struck the pitcher, men heard the shocks 
in thunder. In Polynesia rain comes from the angry stars, stoning the 
sun ; while in Burmah it is still the custom to haul down rain by pulling at 
a rope. New Caledonia has its regular rain-making class of priests, and in 
Moflatt's time the rain makers of South Africa were held in even higher esti- 
mation than the kings ; and on the other side of the world the Alaskan pro- 
pitiates the spirit of the storm by leaving tobacco for him in a cave. In our 
own country, too, there have been weather witches of various grades, and 
one described in Drayton's Moon Calf: — 

** Could sell winds to any one that woald 
Bay them for money, forcing them to hold 
What time she listed, tie them in a thread 
Which, ever as the seafarer undid 
They rose or scantled as his sails would drive 
To the same port whereat he would arrive." 

The ^inlanders at one time drove a profitable trade by the sale of windsi 
4/ter being paid, they knitted three magical knots, and told the buyer that 
when he untied the first he would have a good gale ; when the second, a 
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strong wind ; and when the third, a severe tempest.^ Sir Walter Scott also 
mentions that King Eric, also called *' Windy Cap," coold change the direc- 
tion of the wind hy merely turning his cap round upon his head ; and old 
Scotch women are mentioned who, for a consideration, would bring the wind 
from any desired quarter.' The M^dan Indian rain-maker had a rattle by 
the noise of which he called down rain from heaven by the simple process of 
keeping on long enough. It is safe to say that these are all fallacies. 

From the rain makers we may now turn for a moment to the almanack 
makers, and any one who will look up an old almanack of the early part 
of the last century, will find the greater part of it filled with lucubrations 
on the influence of the stars and constellations ; he will also find a colunm 
giving for every day the parts of the body which are particularly under the 
celestial influences on the given dates, aud when one sees for the first time 
this column reading — head, chest, legs, knees, feet, &c.y one wonders what 
it can mean, but it was then so well understood, as not even to require ex- 
planation, and there was generally too a rude woodcut of a hideous human 
figure, tatooed with the various signs of the zodiac to show the same thing. 
The sort of knowledge that passed for meteorology in 1708 may be learned 
from the following extract from Meteorologia by Mr. Cock, Philomatbemat. 
1708, — a rare book in the possession of IVIr. Symons. 

** The twelve signs are divided into four sorts, for some be earthy, others 
watery, a third sort aery, and the fourth sort is fiery." The author then goes 
on to state that ** Jupiter in the Skinker (whatever that may be) opposed by 
Saturn in the Lion did raise mighty South-west wmds • * Observe 
when a planet is in an earthy sign he was lately dried up by perambulating a 
fiery sign, and after that, immediately having made his progress in an earthy 
sign, is quite bound up from moisture." 

It seems incredible that our ancestors, only'a few generations back, could 
have bought, paid for, and believed, such stuff as this. The early almanacks 
boldly gave a prediction for the weather for every day in the year ; but after 
a time confined themselves to a general statement of the weather, for instance 
Partridge's Almanack for 1886 has the following prophesy for June. «* Fer- 
tilising showers attended with thunder and lightning " — ^this does for the 
first 10 days. " Fair and at times hot *' for the middle of the month, and 
« refreshing ram for the grass and com *' for any time between the 2l8t and 

the end of the month. 

Authors of weather ahnanacks had already begun to seek safety in 
vagueness. Some of these ahnanacks rose to a great popularity on the 
strength of one lucky guess ; and I think it is told of this same Partridge's 
almanack or some other of the class, that it owed its reputation to a curious 
prophesy of extraordinary weather for July 8l8t, when hail, rain, snow, 
thunder, &c. were freely indicated. Forgetting that the month had 81 days 
the almanack maker had omitted to insert the weather prediction for the last 

1 OlaoB Magnus, Hist, of the Qothi, 1638« 
« Notes to The PiraU. 
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day, and a boy was sent from the printing office to know how the space was 
to be filled up. The weather prophet was too busy to attend to him, bat 
at last in a passion, said : ** put down hail, rain, snow, thunder, anything;" 
and the boy taking it literally told the compositor who duly set into type the 
extraordinary prediction, and which by a freak of nature came true, and 
made the fame and fortune of the almanack maker. This story if not true 
is at least ** ben trovato,** and shows the force of the bard's statement 

** Oar indiscretion sometimes serves us well 
When our deep plots do pall." 

The British Almanack for 1881, published by the Useful Knowledge 
Society, had no weather predictions. 

Patrick Murphy published a popular weather almanack, and his fame is 
said to have commenced by a lucky hit in one of the earlier issues by which 
he indicated which would be the coldest day of the year. There is a copy of 
this almanack for 1888, in the library of the Society, and some former 
owner has evidently taken the trouble to pencil in the actual weather opposite 
to that predicted. There were according to this annotation 89 incorrect fore- 
casts, 91 doubtful, and the rest correct. 

This Patrick Murphy was not a mere charlatan. He had a system, and 
though he differed from Sir Isaac Newton and the Royal Astronomical 
Society, he gave much study and research to the subject of meteorology — as 
shown by his various books. There was an Astro-Meteorological Society as 
late as 1861, and we have some numbers of its Records in our library. 

Next comes the subject of weather prophets as distinguished from mere alma- 
nack makers ; and who profess, sometimes for pelf, at other times for honour 
and glory, to predict the weather for any future date. These are always 
arising, and they do not lack a certain number of followers, who, possessing 
a large angle of credence, duly trumpet forth the successes of their chiefs, 
when they are so fortunate as to make any. The stock-in-trade of a prophet 
is of a slender and cheap description. He must have an inventive mind, a 
store of self-confidence, an insensibility to ridicule, and, above all, a keen 
memory for his successes, and a prompt forgetfulness of his failures. He 
should by choice have a theory, and this should be of the elastic order, so 
that if a predicted event does not punctually occur, he will be ready with a 
sort of codicil to amend it. Hence we find that the firing of guns has been 
cited as a sufficient reason for falsifying a weather prediction ; and railways 
too are said to have an adverse influence, one author (not a prophet) telling 
us that they may be considered as ** large winnowing machines, perpetually 
fanning and agitating the air with prodigious power, ploughing the air as it 
were and causing waves of vast extent, which, invisibly enlarging like the 
waves of the ocean, probably meet each other, clash, and produc3 modified 
effects, as resultants from adverse motions." 

One of the first weather prophets mentioned in that delightful old book, 
Stanley's Lives of the Philosophers, was Democritus, the Milesian, known as 
the *' laughing philosopher,'' who foresaw a dearth of olives, and by buying 
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up all he could get might have made a fortune, but gave it back to the bar- 
gainers with the remark, ** you can see now that a philosopher can get rich 
when he pleases." Then there was Pherecydes, of whom Pythagoras 
was a favourite pupil, who predicted an earthquake three days in 
advance by the taste of the water from a certain well. Perhaps the 
earliest of all was El^ah, who from the top of Carmel pointed out the 
coming squall cloud, and predicted a great rain. He forms a good model 
for imitation to the modem weather prophets, for he did not prophecy until 
he saw the storm coming, and he made no secret of his method. We have 
still amongst us in our country, mostly without honour, seers who supply us 
with weather predictions in various forms, from the modest duodecimo alma> 
nack to the flaring broadsheet which compels attention ; but it would be a 
task too long to enter on a systematic refutation of their contradictory 
guesses at the weather. The last of these broadsheets that caught my eye 
had for the days of the gale, which Mr. C. Harding has described to us/ the 
tame announcement of " generally overcast." This did not err on the side 
of boldness when considered with reference to one of the severest gales of 
the century. 

A Spanish peasant whom I heard of in Andalucia, and who had the repu- 
tation of a weather prophet, wisely said, if you want to know the weather for 
to-morrow, ask me early in the morning. The Indian weather prophets who 
made a failure had to be silent altogether for the rest of their lives ; and this 
causes us to regret that some of our own seers were not bom in that distant 
land. 

As to the so-called weather forecasts, they only come under the title of 
this paper when they fail, and as 8 out of 10 are said to be correct, I shall 
only say that they are honest attempts on the part of civilised governments 
to warn their people as far as possible against the march of known disturb- 
ances. I could wish that the term '< weather indications " or " indicated 
weather " had been adopted, so as to make this plain to all, and that oflener, 
when the signs were vague, we had the simple announcement of no change 
indicated. 

The director of this system so well known to us, and who is plajrfiilly 
called the '* Clerk of the Weather,'* sometimes receives valuable hints, even 
from children ; and I must quote one such communication, 

*' Please, Mr. Clerk of the Weather, tell the rain, snow and hail to stop 
for the afternoon, and rain in the night." 

I may conclude this section by saying that it is a great fallacy to suppose 
that there is such a thing as a weather prophet. All the great authorities 
agree that in the present state of our knowledge no human being can cor- 
rectly predict the weather, even for a week to come. 

And now we must consider a class of weather fallacies of which the 
victims can only excite in a well regulated mind feelings of sadness and 
compassion, rather than the ridicule to which at first sight they seem more 
naturally entitled. I mean those weather prophets in whom the delicate 
mechanism of the mind is touched by disorder or decay, even, if it has not 
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already fallen under the stroke of complete dementia, and who believe that 
they can not only foresee the weather, but, by an effort of their own minds, 
control the elements and compel the clouds. 

These patients I had hoped only existed in small numbers ; but, on 
perusing the correspondence of a prominent meteorologist, kindly lent me 
for the purpose, I find that there are many of this class whose name, like 
that of the ancient wanderer among the tombs, is '* Legion,'' and who still 
come on, each prepared to drive the chariot of the sun, or by an exertion of 
his own will, odylize (the word I suppose will come) all the powers of 
nature. 

Hear what Dr. Johnson's Astronomer says in Rasselas: — <* Hear me, 
therefore, with attention. I have diligently considered the position of the 
earth and sun, and formed innumerable schemes, in which I changed their 
situations. I have sometimes turned aside the axis of the earth, and 
sometimes varied the ecliptic of the sun, but I have found it impossible 
to make a disposition by which the world may be advantaged. What one 
region gains another loses. Never rob other countries of rain to pour it 
on thine own." 

This t3rpe of patient, as well as those who would use their supposed 
power for the purpose of creating fine weather during the holidays of the 
people, belong to the more noble sort, but there have been others, like the 
notorious Friar Bungay, who for sordid reasons have professed to exert a 
similar power. The only wonder is that anybody ever believed them. 

Now, as this malady of the mind is not incurable, I will venture to offer a 
practical suggestion, and would recommend these patients who have nursed 
themselves into the belief that they possess the keys of the weather, to seek 
the hill top on a summer afternoon — the air and exercise will do them good 
— and watch the fine fleeces of cumulus cloud as they sail majestically across 
the sky, each with its attendant shadow below. Let the patient concentrate 
his attention upon one single feathery cloud, and try by the exertion of his 
utmost force of will to make it pause for a moment in its career ; and, if he 
fails — " as fail full well he may " — then let him banish from his mind for 
ever the idea that he can by his own will dominate the whole firmament. 
And if he has ever gone into print upon the subject, let him go home and, 
like Prospero, his prototype, say : — 

** Deeper than ever plammet sounded, 
ril drown my book," 

and so save the world from the trouble of investigating much pure nonsense. 
To these sufferers I can only repeat the words of one of our own kings to 
the last man he touched for the evil — ** I wish you better health and more 

sense.** 

I must be forgiven for having only made a selection from the vast catalogue 
of fallacies which have accumulated about the subject, and I must con- 
tinue to regret that there are still people who are ready to believe that 
the saints* days rule the weather, that the sun puts out the fire, that warm 
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water freezes sooner than cold, or that a man is a prophet becaase he says 
so himself. 

This Society is clearing the ground of many weeds, and abready the 
fallacy of the ** equinoctial '* gales has been exploded (by Mr. Scott), while 
the churchyard ghost of the supposed fatal "green Christmas" has been 
most effectually laid by a recent statistical paper by Mr. Dines. 

Some one may ask, after all this clearing away of fallacies — What have we 
left ? and I would venture to refer him to all the patient work which is 
being done in various countries, and by which a real Science of Meteorology 
is being slowly built up, while to the outdoor weather student I would offfer 
this consoling reflection — There is still the sky. 



REPORT OF THE COUNCIL 

FOR THE YEAR 1894. 

In presenting their Report, the Council have to congratulate the Society 
on its steady progress during the past year. There is a slight increase in 
the number of Fellows elected, over the number elected in 1898, and the 
balance at the bank, at the end of the year, is larger than the balance then 
brought forward. 

Committees. — The Council have been materially assisted by several 
Committees, which have been constituted as follows : — 

Editing Committee. — The President, Rear- Admiral Maclear, and Mr. 
Scott. 

Exhibition Committee, — The President, Secretaries, Foreign Secretary, 
Messrs. T. W. Baker, Ellis, and Capt. Wilson- Barker. 

Fog Committee. — The President, Secretaries, Foreign Secretary, Messrs. 
Ellis, Russell, and Williams. 

General Pdrposes Committee. — The President, Secretaries, Foreign 
Secretary, Treasurer, Messrs. Ellis, Latham, and Williams. 

Wind Force Committee. — The President, Secretaries, Foreign Secretary, 
Messrs. Chatterton, Curtis, Dines, C. Harding, and Munro. 

House Accommodation Committee. — The President, Secretaries, Foreign 
Secretary, and Dr. Williams. 

Exhibition. — The Exhibition of the year was both interesting and in- 
structive. It illustrated " Clouds ; their Representation and Measurement," 
and was held, as usual, in the rooms of the Institution of Civil Engineers, 
and was open from April 10-20. There were 185 exhibits, classified as 
follows : — 

(1) Instruments for ascertaining the direction of motion, ani the height 
of clouds. 
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(2) Thermometers. 

(8) Hygrometers, evaporators, &o. 

(4) Marine instraments. 

(6) Anemometers. 

(6) Travellers' instraments. 

(7) Barometers. 

(8) Sketches and photographs of clouds. 

(9) Sketches and photographs of meteorological phenomena. 

(10) Photographs and diagrams of instraments. 

(11) Lantern slides and transparencies. 

The exhibit by Mr. W. Dillworth Howard attracted general attention. It 
consisted of a portrait of, and two original drawings of cloads by, his grand- 
father, the celebrated Lake Howard, F.R.S., the aathor of the Modifications 
of Cloud»y 1808. Throagh the kindness of Mr. Dillworth Howard, a copy 
of the portrait appears as a frontispiece to the July number of the Quarterly 
Journal. 

Lectures. — A suggestion having been made that a course of lectures on 
*' Meteorology in Relation to Hygiene ** would be much appreciated by 
Medical Officers of Health and others, the Council approached the Sanitary 
Institute on the subject, the result being that a course of six lectures was 
given under the joint supervision of the Society and the Institute, between 
April 28rd and May 10th, at the Parkes Museum, as follows : — 

(1) April 28rd, by G. J. Symons, F.R.S., on ** Instruments and Obser- 
vations and their Representation." 

(2) April 26th, by H. R. Mill, D.Sc., F.R.S.E., on " Temperature of Air, 
Soil, and Water." 

(8) April 80th, by R. H. Scott, M.A., F.R.S., on •* Barometric Condi- 
tions and Air Movements." 

(4) May 8rd, by W. Marriott, F.R.Met.Soc, on ** Moisture, its Deter- 
mination and Measurement." 

(6) May 7th, by C. Theodore WUliams, M.A., M.D., F.R.C.P., on 
<< Climate in Relation to Health, and the Geographical Distribution of Disease." 

(6) May 10th, by F. Gaster, F.R.Met.Soc., on ** Fog, Clouds, and 
Sunshine." 

These lectures were printed by the Sanitary Institute in their Journal, 
and through the kindness of a member of our Council extra copies of the 
part containing the lectures were obtained from the Institute in sufficient 
numbers to ensure the distribution of one copy to each Fellow. 

Stations. — Observations have been accepted from the following new Sta- 
tions : — Penzance, Cornwall ; and Haverfordwest, Pembrokeshire. The 
observations have been discontinued at Lynsted, Newton Reigny, and 
Carmarthen. Copies of detailed monthly returns, and annual summaries of 
results have been supplied as usual to the Meteorological Office. 

Inspection of Stations. — All the Stations south of lat. 52^ N. and east of 
long. 2° W., and such new stations as could be conveniently visited, have 
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been inspected, and been fonnd to be, on the whole, in a satisfactory con- 
dition. Mr. Marriott, in his Report (which will be found in Appendix I., 
p. 65), states that he has called the special attention of the observers to the 
necessity of carefully adjusting the Campbell- Stokes sunshine recorder. 

Research Fund, — This fund has been augmented by a donation of filO 
from Mr. W. M. Beaufort, and also by the sum of £2 Is. 6d. interest 
received. 

Donations. — Considerable additions have been made to the Library 
during the year, of which a list will be found in Appendix V., p. 81. 
Several photographs and lantern slides have been received from different 
donors. 

Quarterly Journal. — This publication has contained several papers of 
considerable interest, more particularly those dealing with storms and wind 
force measurement. 

Meteorological Record, — This publication has been brought up to June, 
1894, and is now in the fourteenth year of its existence. 

Phenological Report, — This interesting and instructive annual Report was, 
as usual, prepared and was read by Mr. Mawley at the February meeting, and 
it is satisfactory to find that the number of observers has been well maintained. 

Offices, — Early in the year the Council were informed that the remaining 
room on the second floor of 22 Great George Street, would be vacant at 
Michaelmas. A Committee was appointed to consider the desirability of 
increasing the accommodation, and on receiving their report the Council, 
having regard to the growing needs of the Library, took the room on a lease 
similar to, and running concurrently with, the old lease. The room has now 
been fiurnished, and is a great acquisition to the Society. 

Hour of Meeting, — Tlie change of the hour of the evening meetings from 
7 p.m. to 8 p.m. has not proved conducive to a large attendance, owing to 
the late hour to which the business extended, and the Council in view of this 
fact, and of numerous representations made to them, decided to alter the 
time of commencement to 7.80 p.m. during the coming Session, and to close 
every meeting not later than 9.80 p.m. The Council hope that this arrange- 
ment will be found more convenient. 

Fellows. — The changes in the number of Fellows are exhibited in the fol- 
lowing table, which shows an increase of six daring the year. 



Fellows. 


Annual. 


Idfe. 


1 

Honorary. 


1 

Total. 


1898, December 81st... 


406 


185 


17 


558 


Since elected 


+ 89 
-10 
-24 

- 1 

- 1 


+4 

-1 

• « • 

• • • 

• • • 

188 


+ 2 
-2 

• • • 

• • • 


+ 45 
-18 


Deceased 


Retired 


-24 

- 1 

- 1 


Lapsed 


Defaulter 




1894, December 8l8t... 


409 


17 


564 
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Deaths. — ^The Goonoil have to announce with much regret the deaths of 
eleven Fellows, and of two Honorary Members. The names are : — 

Edwin Clark, M.In8t.G.E., F.R.A.S. elected Mar. 19, 1862. 

Padre Francisco Denza (Honorary Member) „ June 16, 1870. 

Wilhelm A. von Freeden (Honorary Member) „ June 17, 1874. 

George Gamett, M.Inst.C.E. „ May 17, 1876. 

John Hill, M.In8t.G.E. „ Nov. 16, 1881. 

Robert Lawson, LL.D., F.S.8. „ Apr. 18, 1888. 

John Lovel „ Mar. 18, 1891. 

Henry Bean Mackeson, F.G.S. „ Nov. 16, 1881. 

Capt. John Shortt, R.N. [died in 1898] „ Dec. 18, 1889. 

William Topley, F.R.S., F.G.S., Assoc.Inst.C.E. „ June 16, 1892. 

Rev. John Turner Wilkinson, M.A., LL.D. „ Dec. 19, 1888. 

Henry Woolcock, Assoc.M.Inst.CE. [died in 1892] „ Dec. 17, 1890. 

Henry Yool „ Nov. 20, 1878. 



APPENDIX L 

Inspeotion of Stations, 1894. 

All the stations in the south-eastern part of England (that is south of 
62° N. lat., and east of 2° W. long.), as well as three new stations in the 
south-west, have heen visited during the year, and were found to be 
generally in a satisfactory condition. 

The observers appear to take an intelligent interest in the work, and to 
be ajixious to supply trustworthy data from their stations. 

The number of thermometers tested has been 141. Changes of zero have 
taken place in 12 thermometers ; 8 mercurial having risen and 4 spirit 
having gone down since the last examination. In a few cases the ther- 
mometer tubes had shifbed somewhat, so that the divisions on the tube did 
not coincide with those on the scale. These I adjusted where possible. 

Some of the maximum and minimum thermometers had back plates with 
ring only. In such cases I either put on fresh back plates having a hole 
and slot, or subsequently forwarded them to the observer for him to put on. 

At one station the maximum thermometer was out of order, and had been 
so for several weeks. This is the first instrument of the Negretti and 
Zambra pattern which I have found to fail, and act as an ordinary ther^ 
mometer, after 2 or 8 years* service. 

Most sunshine recorders of the Campbell- Stokes pattern were somewhat 
out of adjustment, the glass ball not being in the centre of the frame. Thist 
is readily tested by passing a sovereign round between the ball and the carol.. 
If the sovereign passes round uniformly, the ball is in the centre of the frame ; 
but if it sticks at any point the instrument requires readjustment. This is 
done by moving the pedestal until it is quite in the centre of the frame. 
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In what is called the ** universal sunshine recorder " the ball is kept in 
position by being clamped axiallj. Unless this be very carefully adjusted 
and attended to, the ball will slide down a little and put the instrument out of 
focus ; furthermore, the edge of the frame will also cut off the early and late 
rays of the sun. Consequently some of the record will be lost. 

I would recommend all observers who have a burning recorder to 
occasionally test this adjustment by simply passing a sovereign round 
between the ball and the card. 

William Mabbiott. 

October 13th, 1894. 



NOTES ON THE STATIONS. 

Addinoton Hill, September 13th, — The observations appeared to be 
correctly taken, and the instruments to be kept in good order. The 
maximum thermometer (Negretti and Zambra's pattern) had for a few weeks 
been acting as an ordinary thermometer. As the constriction had evidently 
become ineffective, I recommended that the thermometer be sent forthwith 
to the makers for repair. I put on fresh back plates to the minimum ther- 
mometer. The screen required painting. 

Addiscombe, September 13 tK — Miss Mawley had removed from Lucknow 
House, but the instruments still remained in the garden, the observations 
being taken by the gardener. It is probable that the station will be 
discontinued at the end of the year. There was no change in the instruments. 

AsPLEY Guise, September 11th, — This station was in good order, but as 
Mr. Dymond was away from home I did not test the thermometers. The 
ball of the sunshine recorder was not quite in the centre of the frame. 

Beddington, September 13th. — This station was in good order. The 
tubes of the thermometers required fixing and adjusting. 

Bennington, September 21st, — This station was in good order. On 
comparing the thermometers it was found that the grass minimum had gone 
down 0°-5. 

Berkhamsteo, September 11th, — This station and all the instraments were 
in good order. The ball of ^the sunshine recorder was not in the centre of 
the frame. 

Bexhill-on-Sea, September 5th, — I found that Mr. C. Wiggins had charge 
of Mr. Tcnison's instruments, but that he was not observing with them, 
nor could he undertake to supply records. He promised, however, to 
forward the sunshine values from the Jordan recorder, which is still 
continued at the Coast Guard station. 

Boubnemouth, August 21st, — I inspected and examined the instruments 
at the stations both at the Cemetery and the Coast Guard. The Corporation 
have not, however, yet decided that the results of the observations may be 
published by the Society. 

Brighton, September 4th, — There was no change in the thermometers. 
The grass minimum had some spirit separated. The screen required 
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painting. As it is possible that the spray from the fountain may sometimes 
reach the rain gauge, I recommended that the display of water should be 
regulated in windy weather, . or the rain gauge moved. The ball of the 
sunshine recorder was not quite in the centre of the frame. This I adjusted. 
The upper part of the frame for the small (winter) cards is taken off in the 
summer to prevent the ends cutting off the sun*8 rays. 

Chelmsford, August Slsi. — ^There was no change in the thermometers. 
The minimum had a little spirit at the top of the tube which I shook dowu. 
The screen required painting and also to be made firmer. 

Ceanlexgh, July 20th, — This station is at the Surrey County School ; 
and the instruments are in a railed off enclosure in a field on ground sloping 
to the south. I recommended that the position of the maximum be altered 
in the screen. The grass minimum had some spirit at the top of the tube. 

DiTOHLiNO, September 4th, — The instruments are placed on a small lawn, 
and are surrounded by wire netting about 6 feet high. I recommended that 
this should be reduced to about 8 feet only. Ditchling Beacon is nearly two 
miles to the south, and rises to a height of 750 feet. 

Eastboubne, September 5th. — On comparing the thermometers I found 
that the minimum read 0^*2 too low. The index of the grass minimum did 
not move freely down the tube ; there was also a speck or two of dirt. 
Evidently the tube was imperfect, and this accounted for the index sometimes 
getting out of the spirit. The screws for the maximum and minimum 
required tightening to prevent vibration. Scarlet irunners had been allowed 
to grow somewhat near the rain gauge. The sunshine recorder is on the 
tower of the Grand Hotel. The ball was not quite in the centre of the frame. 
Folkestone, September 7th. — This station is at the Sanatorium on the 
East Cliff. The instruments are in a small railed off enclosure, the 
observations being taken by the matron. The thermometers required 
rearra^iging in the screen. The sunshine recorder (Jordan twin-instrument) 
is on the roof of one of the buildings. The hills probably intercept a little 
of the early and late sunshine. 

Guernsey, August 18th, — ^As the trees have grown somewhat considerably 
of late years, I recommended that the rain gauge be moved to the large 
lawn, where there will be a good exposure. The tube of the minimum was 
loose and had slipped down. This I re-adjusted. The screen required 
painting. The sunshine recorder appeared to be 16 minutes slow. The 
late eveniDg sun is just cut off by the roof. 

Halstead, August 31st. — ^The instruments were in good order. The 
minimum appeared to have gone up 0^*8. 

Harestock, August 22nd. — The station and instruments were in good 
order. The ball of the sunshine recorder was not quite in the centre of the 
frame. Colonel Knight has had a hole made for taking observations with a 
70 feet earth thermometer. 

Liss, August 25th. — This station, which is on the crest of the hill, has a 
good exposure. The sunshine recorder (universal pattern) was not working 
correctly, as it was not set for the proper latitude. I levelled the instrument 
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and set it to the proper latitude, bat could not adjust it for time as the son 
was not then shining. 

Mabgate, July 13th, — This station was in good order. The minimom 
had gone down 0°*5. The sunshine recorder (universal pattern) is mounted 
on a brick pier on the roof of the house. The ball had slipped down some- 
what and was not in the centre of the frame, and consequently the edges of 
the frame cut off some of the early and late sunshine. 

Marlborough, July 11th. — There was no change in the thermometers. 
Bean sticks had been put in close to the rain gauge. These I requested should 
be removed. The trace of the sunshine recorder was not parallel with the 
card. This was owing to the frame not being properly fixed with the ball 
in the centre. 

Newquay, July 24th. — The thermometer screen is placed in a field not 
far from the cliff, in a very open situation. The rain gauge is placed in a 
kitchen garden on the south side of the main road. The sunshine recorder is 
mounted on the ridge of a stable, and is well exposed. The ball was not 
quite in the centre of the frame. 

Old Street, London, August 29th, — In the early part of the year the 
minimum for some time read about 2P too high. Another minimum, which 
was used in its place, also read 8° or 4° too high. It was discovered after- 
wards that a bubble had been generated in the tube near the bulb. I 
recommended that the tree near the rain gauge should be cut back. 

Penzanoe, July 25th — The instruments are in the Morrab Gardens, on a 
level lawn in front of the Library. I recommended that the screen and 
rain gauge be shifted, so as to be out of the influence of the sloping bank. 
The thermometers required rearranging in the screen, and new back plates 
to be put on the maximum and minimum. The observer was instructed to 
read the thermometers to tenths of a degree. The two sunshine recorders 
(burning and photographic) are mounted on a platform on the south side oi 
the dome of the market hall ; the exposure is very good. * The early and 
late sun*s rays were not recorded by the burning instrument, as the ball 
had slipped down and was consequently not in the centre of the firame. 
This I readjusted. 

Portsmouth, August 23rd, — On comparing the thermometers it was 
found that the dry and wet had gone up 0^*1. I recommended that the 
thermometers should be read to tenths of a degree. The sanshine 
recorder was moimted on top of the screen and did not get the evening 
sun. I sug&:ested a more suitable exposure for the instrument, and also 
recommended that the traces be fixed before being measured. As an 
additional building will shortly be erected, it is probable that the rain gauge 
may have to be moved to the north kitchen garden. 

Princktown, July 26 th. — The instruments were in good order, the stand 
having recently been painted and the outside cylinder of the rain gauge 
soldered. I brought away with me the spare set of thermometers. 

Regent's Park, August 29th. — There was no change in the ther- 
mometers. The screen required cleaning and painting inside. The 
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Bonshine recorder is mounted on a wooden tower. Owing to the shrinkage 
of the wood the recorder was somewhat out of level. 

Shbebness-on-Sea, September 20th. — There was no change in the 
zeros of the thermometers, hut the grass minimum had 8^*6 of spirit at 
the top of the tuhe. The position of the maximum and minimum in the 
screen required altering. I recommended that the screen he painted and 
that the trees he cut hack as much as possible. 

Stbathfield Tuboiss, July 10th, — This station was in good order. The 
thermometers are mounted in the old Eew screen. On comparing the ther- 
mometers it was found that the dry bulb had gone up 0°*1. 

SwABBATON, AuQust 22nd, — There was no change in the thermometers. 
The muslin on the wet bulb required renewing. 

Tavistock, July 26th, — The thermometers were in the kitchen garden on 

ground sloping rapidly from north to south. I recommended that they be 

removed to the terraced lawn at a lower elevation, on which the rain gauge 

fif' is also placed. If this were done Mr. Glyde would have no difficulty in 

taking evening observations. 

Tbntbbden, September 6th, — The sunshine recorder is placed in a garden 
on the east side of the road, and removed at 9 a.m. to a post at the end of 
Mr. Mace's garden on the west side of the road. By this means all the 
available sunshine is recorded. 

Tunbbidoe Wells, September 17th, — On comparing the thermometers it 
was found that the minimum had gone down 0^*4. The screen required 
painting. Mr. Smart had had the frame of the burning recorder (universal 
pattern) cut in two places with the view of letting down the eastern flap in 
the morning and the western flap in the afternoon, as he believed the edges 
of the frame cut off the sun's rays. The ball, however, was not in the 
centre of the frame. 

Yentnob, August 24th, — On comparing the thermometers it was found 
that the minimum had gone down 0^*2. I had the rain gauge attended 
to by the engineer, as the funnel fitted tightly and the outer cylinder had 
been dented by croquet balls. 

Walunoton, September 13th, — The instruments were removed in June 
to Maiden road, about 160 yards from their former position in Manor road. 
The exposure is good. The sunshine recorder is placed on the roof of the 
house. 

Wetmouth, August 20th, — ^The station was in good order. The minimum 
had about 0^-2 of spirit at the top of the tube. Mr. Eyles had just got a burning 
sunshine recorder, which he had mounted on a tripod on the top of the house 
at the end of the pier. The ball was not quite in the centre of the frame. 

Wobthino, September 3rd, —There was no change in the zeros of the 
thermometers. As the end of the tube of the maximum was broken off and 
the tube loose, I rea4justed it and made it secure. 
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APPEN' 

STATEMENT OF RECEIPTS AND EXPENDITXJRE 



Regbifts. 

£#.(/. £ «. i. 

Balance from 1898 168 10 4 

Sabsoriptions for 1894 666 1 

Do. former years 51 

Do. paid in advance 48 2 

Life Ck>mpo6itionB 84 

Entrance Fees • 86 



Meteorological Office— €k>pie8 of Betnma 112 12 10 

Do. Grant towards Inspection Expenses 25 

Dividends on Stock (indading £40 Us. 4d. from the New 

Premises Fond) 

Sale of Publications 



880 3 





137 13 10 


118 12 


9 


80 7 10 



£1330 6 9 
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DIX 11. 

FOR THE YEAR ENDING DECEMBER 81st, 1894. 



EXPENDITTJBE. 

£ 8» d. £ 8, d. 

Journal^ dc: — 

Printing Nos. 89 to 92 130 6 3 

Illustrations 28 17 11 

Anthors' Copies 15 16 6 

Meteorologieal Beoord, No8. 51 to 54 ., 48 1 

Begistrar-General'8 Reports 8 8 

231 9 8 

Printing, dte, ;— 

General Printing 19 3 

Stationery 18 2 9 

Forms , 6 2 

List of Fellows 9 12 6 

Books and Bookbinding , 15 17 

68 17 3 

Office Expemei : — 

Salaries , 413 10 

Bent and Housekeeper 156 5 6 

Furnishing new room, Bepairs, (Joals, &o ••........ 5315 5 

Postage 58 10 1 

Petty Expenses 15 7 6 

Befreshments at Meetings • 14 7 8 

Exhibition Expenses 8 5 11 

Lecture Expenses .... 19 1 5 

789 8 6 

Ohtervatians : — 

Inspection of Stations 43 18 11 

Observers 9 2 

Instruments 1 4 

54 4 11 

Stock ;— 

Purchase of £41 5s* 7d. 2| per cent. Annuities 42 

1135 15 4 
BdUmot: — 

At Bank of England ^ 184 18 4 

In hands of the Assistant'Seoretary 9 13 1 

194 11 6 

£1330 6 9 

Kxamilied and compared with the Vouchers^ and found correct, 

B. H. 0UBTI8. ) .,^.^^, 
FBEDO. GASTEB, ] ^^^^^•^ 
Mammary 10/A, 1895. 
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ASSETS AND LIABILITIES 



Liabilities. 

£ «. d. 

To Subflcripiions paid in ftdvance 43 2 

„ Excess^ of Assets oyer Liabilities 2983 1 6 



£3026 3 6 



1 TbiB ezoeas is exclusiTe of the ralue of the Library and Stock of Publicatioiu. 

Examined, 

R. H. CURTIS. ) j,^.,^ 

FREDC. GASTER, ] -*««««>"• 

WILLIAM MARRIOTT, Anistant Secretary, 
January lOth, 1895. 



NEW PREMISES FUND, 



£ «. d. 

Amount paid to the Society's Funds towards the increased rent of the 

New Premises 40 11 4 



£40 11 4 
Examined, 



R. H. CURTIS, ) j^^..„ 

FREDC. GASTER, [ Audttm. 

WILLIAM MARRIOTT, AsiUtant Secretary, 
January lOth, 1895. 



RESEARCH FUND, 



£ «. d. 

Amount inyested in purchase of £101 Os. 3d. 2| per cent. Consols at 99 100 

Do. Do. £11 14b. 2d. at 103J 12 1 6 



Examined, 

R. fi. CURTIS, \ J j',^ 

FREDC. GASTER- ( Audttm 

WILLIAM MARRIOTT, Aenttma- Secretary i 
January lOtft, 1895. 



£112 1 6 
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t)IX IT, — Continued, 
ON JANUARY Isx, 1895. 

Assets. 

£ 8. d. 

By IiiYeBtinent in M. S. and L. R. 4} per cent. Debenture 

Stock, £800 at 152 1216 

,, „ in N. S. W. 4 per cent. Inscribed Stock, 

£654 188. at 108^ 710 11 8 

in L.<!kN.W.B. Ordinary Stock, £200 at 177 354 
„ „ in 2| per cent. Annoities, £141 5:». 7d. at 

101} 143 16 

„ Sabscriptions unpaid, estimated at 50 

„ Entrance Fees unpaid 16 

„ Interest due on Stock 30 13 9 

„ Furniture, Fittings, &c 215 12 1 

„ Instruments 94 19 7 

„ Gash at Bank of England 184 18 4 

„ Cash in hands of Assistant-Secretary . . • 9 13 1 



78 



£ «. d. 



2424 6 8 



96 13 9 



310 11 8 



194 11 5 



DECEMBER 81st, 1894. 



£3026 3 6 



Interest received on investment , 



£ 


8, 


d. 


40 


11 


4 


£40 11 


4 



B^oTB.— The Society holds on account of this Fund £1199 Os. 2d. South Australian 
3i per cent. Inscribed Stock. 



DECEMBER 81st, 1894. 

£ 8. d. 

Contribution by Dr. C. T. Williams 100 

Do. „ Mr. W. M. Beaufort 10 o 

Interest received on investment *. ...* *...«.... 2 1 6 



£lld 1 6 



KoTS»— 'The Society holds on account of this Fund £112 Usi 5d« 2| per oent« Consols. 
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APPENDIX in. 
OBITUARY NOTICES. 

Edwin Clark was born at Marlow on January 7th, 1814, and was the 
eldest of three boys. (His brother, Latimer Clark, F.R.S., is well known 
in the scientific world.) After boarding at an old school in the town, he 
was at the age of eleven sent to a French school in Normandy, where in 
three years he acquired such a thorough knowledge of French that his 
translation of the Chronicles of the Canongate into French was published in 
France. He returned home in 1828, and was placed in a solicitor's office; 
but scientific tastes seriously interfered with his application to this work. 
Such tastes were but little understood at the time, and the boy was regarded 
by all his friends as a ne'er-do-well. But his diligence and attention to 
science, especially in its practical aspects, ultimately bore fruit. He 
obtained a position as teacher in his old school, and one of his colleagues, 
who was reading for the University, strongly urged the advantage he would 
derive could he go up for honours at Cambridge. A small legacy which 
his mother received at this time was devoted to this purpose. But at the 
end of two and a half years his parents found it impossible to continue his 
maintenance at the University. After some engagements as schoolmaster, 
Mr. Clark resolved on an apparently reckless project. He had long wished 
to see something of the world, and with £10 in his pocket and a knapsack 
on his back he started on a wild and indefinite tour on the Continent. He 
visited the Rhine, Switzerland, and crossed the Alps into Italy, making 
observations on glaciers and meteorology, and various scientific collections. 
He became an artist, and continued his tour through Rome to Naples, 
Pompeii, Salerno, Poestum, and at length returned to his home at Marlow in 
1889, to the great delight of his parents. He at once accepted a mathematical 
mastership at Coombe Wood, and then at Brook Green, Hammersmith, and 
collected a small library and a stock of scientific apparatus. 

But this profession did not hold him long. In 1845 the railway mania 
had resulted in the great financial crisis which threw so many surveyors and 
engineers out of employment, and at this inopportune juncture he suddenly 
abandoned the school to assist in the survey of the proposed line between 
Brighton and Oxford. This project speedily collapsed, but Clark's deter^ 
mination to be an engineer was taken. With an introduction of the most 
slender character, he repaired to Mr. R. Stephenson's chambers in Great 
George Street, an office that was destined afterwards to become his own for 
so many years. Mr. Stephenson was at that time overwhelmed with work, 
especially in the great contest between the broad and narrow gauge, and 
Mr. Clark was at once informed of the hopeless improbability of a personal 
interview. But, nothing daunted, he waited patiently for hours every day 
in the ante-room during a period of three weeks, and at last was rewarded 
by a chance interview. He was fortunate enough to be able to prove his 
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abilities almost immediately, and the foundation of his career as an engineer 
was laid. 

The problem on which he won his spurs was that of the Britannia and 
Conway Tubular Bridges, for the construction of which he was ultimately 
placed in absolute control as resident engineer. He was for many years chief 
engineer to the Electric Telegraph Company, and invented and patented the 
hydraulic graving dock and canal lift. He constructed the great dock at 
Bombay, and others at Malta and London. He was the designer of a 
host of bridges, including the great swing bridges at Amheim, Lyons, and 
Rochester, the Aire Tubular Bridge, and the Scarborough Viaduct. He was 
the original inventor of the block system of sip^alling. Mr. Clark also laid 
the cable from Dungeness to Holland, and negotiated the agreements and 
erected the telegraph for the chief English railways. He was engineer 
to the Crystal Palace Company, and completed the building of the Palace 
after the fire. 

Mr. Clark retired from business in 1876, and after travelling for two 
years in South America, he settled down at Great Marlow, where he devoted 
himself to astronomical and meteorological observations. He died from 
cancer on October 22nd, 1894. 

He was elected a Fellow of this Society on March 19th, 1862. 

Fbamgisoo Denza. — The following notice is abridged from the cenni 
necrologici of Padre Denza : — 

By the death of Father Francisco M, Denza, which occurred on December 
14th, 1894, not only has this our college of S. Carlo a' Catinari, to which 
he belonged since 1890, and that of Moncalieri, to which he had been 
attached for a number of years, sustained a very great and sad loss, but the 
whole of our congregation is equally affected by it. Father Denza was in 
Italy one of the most assiduous cultivators of natural science, and in 
meteorology, to which he devoted himself with the greatest dihgence, no 
one could contest the victory with him. The '' Specola Vaticana," reclaimed 
to new life by the munificent wisdom of Leo XIII., loses in him more than 
a Director and Father, who by the authority of his name and his constant 
activity, had raised it to be one amongst the first observatories of Europe. 
But above all, we can testify that he was a man who united in himself all 
the rigidness of the most modern culture with the sincerity of an ancient 
faith, and to his scientific labours the assiduous study of religious perfection. 
Our order possessed in him not only an illustrious member, as he is now 
denominated, but an obedient son and an indefatigable worker. Bom at 
Naples, of Michele and Virginia Zigzi, June 7th, 1834, at the age of 17 he 
requested to be clothed with our habit (of a Barnabite), which he accordingly 
was invested with in 1850. He first studied in our College of S. Filippo, in 
Maoerata, and then was sent to Rome, where, under the celebrated Padre 
Seochi, he devoted himself to mathematics and physics until 1857, when he 
was sent to the university of Turin. He then founded an observatory which 
became the central one of the Italian Meteorological Society, well known in 
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the world of science. He continued his lectures in this university, and had 
pupils from every part of Italy until 1886, when he had a paral3rtic stroke ; 
hut he recovered sufficiently from it to he ahle to fill the office of Vice- 
Rector, and to help many hy his ability and long experience. As he grew 
in years his fame grew also. 

He published many pamphlets on science and on observations on eclipses, 
on the Aurora Borealis, on the falling stars, and on the variations of 
the magnetic needle, &c. One popular treatise on Astronomy is his 
*' Armonie dei Cieli,'' published repeatedly, and he translated into Italian 
Mr. Scott's Elementuf'y Meteorology, 

If in the present day upwards of 200 observatories are spread over our 
country, which in that respect is inferior to few others, it is due to the 
powerful influence of our dear Father. Thus the *' CorrUpondenza 
Meteorologica Italiana Alpino-Apennina^'^ founded by him in 1859, and 
*^ La Soeieta Meteorologica Italiana,'' constituted in 1882 under the Hon. 
Presidency of H. M. King Umberto I., under the effectual direction of our 
Father Denza, have become two national institutions. 

He also attended many congresses held for the diffusion of science. In 

1878 we And him at the International Congress of Meteorology in Paris, in 

1879 at Rome. In 1881 we find him in the month of April at Algiers for 
a Scientific Congress, in September at Milan for the Subalpine Congress, 
and in October at Venice for the General Geographical Congress. In 1884 
he represented the Holy Father at the Congress of the Scientific Association 
of France at Rouen, and took advantage of this journey to France to visit 
Holland and England. In December 1887, although still suffering from a 
second attack of apoplexy, he went to Rome to be present at the jubilee of 
Leo Xin., and remained until February 1888 in order to co-operate in the 
Scientific Exposition of the Clergy, and in the following year promoted the 
Institution of *' la Specola Vaticana," of which he was appointed Director 
by the Pope, and took up his residence in a modest apartment pzepared for 
him. To that institution he devoted four years of assiduous work, spending 
part of the summers at the Royal College of Moncalieri. 

In 1892 fresh symptoms of his former malady appeared, and being taken 
suddenly ill just after having had an audience of the Pope, he expired 24 
hours after, having received all the comfort of the last sacraments and 
benediction of the Holy Father. 

Such was the external glory of this beloved Father, which only was 
generally known ; but we who were well acquainted with him can appreciate 
the truer and more hidden glory of his Christian virtues. The Royal College 
of Carlo Alberto owes to him a great portion of the fame it enjoys, not only 
in Piedmont, but all over Italy, and in Father Denza it has suffered a very 

great loss. 

Meanwhile, his name will remain blessed amongst us, and may it lead 
many others to cultivate science with the same activity and rectitude that 
be did. 

He was elected an Honorary Member of this Society on June 15th| 1870. 
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WiLRELM Adolf von Freeden was bom at Norden in East Fries- 
land, May 22nd, 1822, and died at Bonn, January 11th, 1894, after a 
short attack of inflammation of the lungs. From 1845-56 he was Teacher of 
Phjrsics in the Gymnasium at Jeven, and from 1856-67 Director of the 
Navigation School at Elsfleth near Bremen. 

He is best known to science as the Founder and first Director of the 
Norddeutsche Seewarte at Hamburg, an Institute which in 1875 was 
reorganised .as an Imperial Establishment under its present name, the 
Deutsche Seewarte, Dr. G. Neumayer being appointed Director. Herr von 
Freeden at this date withdrew to Bonn, where he spent the remainder of his 
life, occupying himself inter alia with the editing of the Hansa, a newspaper 
he had started. 

He took a principal part in the founding of the North German Lloyds 
Company. The activity of the Seewarte under his management was most 
creditable, and numerous papers from his pen have appeared in the 
ZeiUchrift der Ottt, Met. GeselUchaft, and elsewhere. 

He was for five years, 1871-6, Member of the Reichstag for Hamburg, 
but declined re-election on removing to Bonn. 

He was elected an Honorary Member of this Society on June 17th, 1874. 

John Hill, M.Inst.C.E., was at the time of his death one of the oldest 
county officials in Ireland. He was appointed Chief Surveyor of Clare in 
1845, an office which he held for about 10 years, when he went to King's 
County to fin a similar position. After 12 years* service there he renewed 
his connection with Clare in 1867, and remained County Surveyor till his 
retirement in 1898. He was for several years Chairman of the Town 
Commissioners, and also Vice- Chairman of the Clare Castle Harbour 
Board. 

He died on January 28rd, 1894, aged 81. 

He was elected a Fellow of this Society on November 16th, 1881. 

Inspectob-Genebal Robeht Lawson was bom in 1815, and belonged to an 
Aberdeenshire family. He entered the army as an Assistant Surgeon in 
1885, became Surgeon in 1845, Deputy Inspector- General in 1854, and 
Inspector-General of Hospitals in 1867, and retired on half-pay in 1872. 
He was present at the storming and destruction of the fortified Mandingo 
town of Sabajee on the Gambia in 1858, and served in the Crimea during 
1854 and 1855. He received the Crimea medal with Sebastopol clasp, the 
4th class of the Medjidieh and the Turkish medal. The degree of LL.D. 
was conferred upon him in 1884 by the University of Aberdeen, and he was 
appointed one of the Honorary Physicians to the Queen in 1891. 

When serving in the West Indies and the West Coast of Africa, he showed 
early the scientific bent of mind that pervaded the whole of his career by 
observations regarding meteorology and the laws of storms — a subject which 
was at this time little regarded and only in its infancy. He was one of the 
earliest to draw attention to the rotation theory of cyclones, but his work in 
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this respect, like much of his later work, was ahead of his time, and did not 
attract the notice it deserved. He further made valuable observations con- 
cerning the spread of malarial disease and yellow fever by means of air- 
cnrrents and prevailing winds, and the natural means of protection firom 
their spread by such causes. There are now only Iwo officers alive who 
ever served as Inspector-General of Hospitals, a rank which became obsolete 
under the Royal Warrant of March Ist, 1878. 

S[is retirement from the army in 1872 did not entirely break his connection 
with the service, as he acted on several commissions, and assisted in the 
development of the modem system of ambulance. He was an active member 
of the Epidemiological and Statistical Societies, and was president of the 
former. In their Transactions and elsewhere a large number of pub- 
lications have appeared from his pen at various times, dealing chiefly with 
the methods by which cholera and other epidemic diseases are spread ; and he 
delivered the Milroy Lectures, in 1888, on Epidemic Influences, Yellow 
Fever, and Cholera. Perhaps the best known of his labours, at least 
among the general profession, were those referring to the progress of 
epidemics from north to south of the earth at a given rate of progress at 
right angles to the distribution of the isoclinal lines of the magnetic dip, 
which were termed the pandemic waves. Having access to the records of 
the Army Medical Department, he collected a great body of statistics 
bearing on this point showing the influence of these waves on all infectious 
diseases. 

Whilst serving in the army he was eminently just and kind to all 
under him, and the advocate and true friend of those who showed any 
unusual industry, ability, or merit. His sense of duty was always very 
strong, and he never spared himself in the way of personal trouble and 
painstaking to discharge such duties as fell to his lot conscientiously and 

well. 

He died at Aberdeen on February 8th, 1894, at the age of 79. 
He was elected a Fellow of this Society on April 18th, 1888. 

John Lovel was bom at Halperthorpe, Yorkshire, on December 18th, 
1862, and was early left to the care of his father, his mother dying in 
February 1866. He received most of his instruction from his father, who 
for some years kept an elementary school at Weaverthorpe. After bemg 
apprenticed for several years to a joiner and wheelwright, Mr. John Lovel 
in 1883 joined his father at Driffield, who three years before had purchased 
a part of the site he at present occupies, which he piepared for, and has 
since carried on, as a strawberry nursery. 

Twelve years ago the father commenced rainfall observations, which so 
interested Mr. John Lovel that in 1890 he organised a climatological 
station, and became a valued observer for the Royal Meteorological Society. 

After the waterspout and flood at Langtoft in July 1892, Mr. John 
Lovel 'made a study of the question of waterspouts and cloudbursts, and 
communicated a paper on the subject to the Royal Meteorological Society. 
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He also sent to the Society the results of a year's comparative observations, 
which he had made with two sets of maximum and minimom thermometers, 
read and set at 9 a.m. and 9 p.m. 

Mr. John Lovel had a thorough appreciation of, and was well in touch 
with, every day subjects. He was a most enjoyable companion, and ever 
ready to impart in a quiet way some interesting fact or other relating to the 
great problems of nature. 

He died on February 16th, 1894, aged 81 years. 

He was elected a Fellow of this Society on March 18th, 1891. 

William Toplet, F.R.S., F.G.S., Assoc.Inst.C.E., was bom at Green- 
wich on March 18th, 1841. He was educated in local schools, and entered 
the Royal School of Mines in 1858, which he left in 1862, and joined the 
staff of the Geological Survey of England and Wales, being initiated into 
the methods of field-work by Dr. Le Neve Foster, with whom he jointly 
brought out a remarkable paper in 1865 on the '' Denudation of the Weald," 
proving that the formation of the Weald of Kent and Sussex, its central 
ridge and surrounding Downs, alike owed their origin to the long continued 
sculpturing of rain and rivers. Mr. Topley surveyed important areas, both 
amongst the Wealden and Cretaceous rocks of Kent and the Coal Measures 
of the North of England ; of the former area he wrote a Survey Memoir of 
a most exhaustive character, in which he embodied the whole of the existing 
knowledge ; the work is remarkable for a combination of scientific methods 
and work with a bibliographical instinct which was characteristic of the 
mind of the author. In 1880 Mr. Topley was recalled from field-work to 
take charge of the publication of maps and memoirs at the London office of 
the Geological Survey, a post he held till his death. 

He joined the British Association in 1872, and served as Secretary and 
Reporter of Section C (Geology) between that year and 1888 no less than 15 
times. To the Working Committees he was ever ready to give valuable aid ; 
he joined the Circulation of Underground Waters Committee in 1888, but 
had previously assisted in the work, since its initiation on the suggestion of 
Dr. Hull in 1874, while the valuable reports of the Coast Erosion Com- 
mittee were wholly drawn up by him ; this Committee was suggested by 
Mr. De Ranee in 1881, Mr. Topley from the first acted as its Secretary, 
and secured the assistance of the War Office, Admiralty, and other Govern- 
ment Departments ; he had intended to present the final Report and recom- 
mendations this year. Be was early placed on the Sub- Wealden Exploration 
Committee, and in 1872 was officially sent down by the Geological Survey 
to record the phenomena observable, on which he presented a valuable 
report. His paper on ** the Geological Distribution of Gold and Silver,** 
read at the British Association, was ordered to be printed in extemo by that 
body. 

In contributions to the Royal Agricultural and other Societies, he opened 
up a new field of research, in the relation of parish boundaries to the geolo- 
gical structure, and the influence of the latter on water supply, character of 
the sorfiEMe of the ground, and even of climate. 
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To the International Geological Congress in 1888 he acted as one of the 
secretaries, and had been previously appointed in 1881 to saperintend the 
publication of the British Section of the International Geological Map ; and 
he gave to the recent Royal Commission on London Water Supply long- 
continued and valuable assistance in the illustrations and tables accompanying 
their Report. 

Medical science has benefited by the assistance given by him to Sir George 
Buchanan's researches on The DUtribution of Phthisis as affected by the 
Dampness of the Soil, and by his address on " Geology in relation to 
Hygiene/* given in 1890, when Chairman of the Geological Section of the 
Sanitary Institute. 

He took an active part in the commencement of The Geological Record, and 
eventually became its editor in 1887, a post for which his great knowledge of 
bibliography well fitted him. His power of work and industry were remark- 
able, and it is infinitely to be regretted that his wonderful enthusiasm 
impelled him ever to assist all who asked him for aid, as, by the constant 
drain on his reserve of force, he fell a ready victim when attacked by gastritis 
in Algeria, against which he struggled in vain, though he reached his home 
at Croydon, only to die in a few days, on September 80th, 1894. Whether 
as an officer of the Survey, or Sectional Secretary of the British Association, 
or President of the Geologists* Association, or scientific worker, or in his 
home life relations, we find him ever willing to work, to help, and to assist 
those around him, and to endeavour to make life pleasant. His work in 
numerous most useful directions has ceased, but his kindly memory will 
1 )ng be remembered, and lines of investigation he has suggested be followed 
up, perhaps by those who hardly realise the first initiation that led to their 
researches. 

He was elected a Fellow of this Society on June 15th, 1892. 



APPENDIX IV, 
BOOKS PURCHASED DURING TH£ TEAR 1894. 

Abchibald, E. D. — Clouds and Cloudscapes. (Article in English Illustrated 
Magazine,, Vol. XI. 1893-4). 

Beaver, P. — African Memoranda; relative to an attempt to establish a 
British setttlement on the Island of Bulama, on the western coast of Afiica, in 
the year 1792. 4°. (1805). 

China. — Meteorological Observations taken at Tinghae in Chusan firom 
Aug. 1840 to Feb. 1841. 8^ 

Dickson, H. N.— Meteorology. 8^ (1893). 

FoRSTER, T. — Annals of some remarkable aerial and Alpine voyages, including 
those of the author. 8^ ( 1832). 

Hkllmann, G. — Neudrucke von Schriften und Karten uber Meteorologie und 
Erdmagnetismus. No. 3. Luke Howard. On the Modifications of Clouds. 
London 1803. Mit einer Einleitung und drei Tafeln Wolkenbilder in Facsimile. 
4°. (1894). 

KuPFFER, A. Th. — Voyage dans TOural entrepis en 1828. 8°. (1888). 

London, India Office. — A Memoir on the Indian Surveys. By C. R. 
Markham, 8°. (1871). 
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London, Botal Geographical Society. — Journal, Vol. 60. 1880. 8°. 
(1881). 

M'DoNALD, A. — A Narrative of some passages in the history of Eenoolooapik, 
a young Esquimaux, who was brought to Britain in 1839, m the ship Neptune 
of Aberdeen, on account of the discovery of Hogarth's Sound. 8°. (1841). 

MuDDOGK, J. E. — Davos-Platz as an Alpine Winter Station for consumptive 
patients. 8°. (1881). 

Narratiyb of the dreadful disasters occasioned by the Hurricane which 
visited Liverpool and various parts of the Kingdom, January 6th and 7th, 1889. 
12°. (1889). 

Official Teab Book of the Scientific and Leabned Societies of Great 
Britain and Ireland, 1894. * 8°. (1894). 

Theophbastus of Eresus on Winds and on Weather Si^s. Translated, with an 
Litroduotion and Notes, and an Appendix on the direction, number and nomen- 
clature of the Winds in classical and later times, by J. G. Wood, M.A., LL.B., 
and edited by G. J. Symons, F.R.S. 8°. (1894). 

TiLLEBT, W. — Meteorological Register kept at Welbeck Gardens, Nottingham- 
shire, 1827, 1888, 1842-4, 1846-71, and 1878-6. 4°. (MS.). 

TiiiBS,J.— Knowledge for the People. Part XVI. Meteorology. 12°. (1882). 

ViBOiNiA. — A geographical and political summary, embracing a description of 
the State, its geology, soils, minerals and climate. 4°. (1876). 

Washington, Depabtment of Aqbicultube. — Report of the Commissioner 
of Agriculture for the year 1866. 8°. (1866). 

A Recobd of the Gbeat Floods in Bath and the surrounding district, 
Nov. 18 and 16, 1894. Reprinted from The Bath Herald. 4°. (1894). 
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DONATIONS RECEIVED DURING THE TEAB 1894. 

Presented by Societies^ Institutions^ &c, 

Adelaide, Obsxbvatoby. — Meteorological Observations made at the Adelaide Obser- 
vatory and other places in South Australia and the Northern Territory ,1886-7.— 
Bainfall in South Australia, Aug. to Deo. 1893. 

Agbam, Mbtkobolooisches Observatobium. — Der Tornado bei Novska. 

Allahabad, Metbobolooical Office.— Annual Statement of Rainfall in the North- 
western Provinces and Oadh, 1893. 

Babbados, Colonial Secbetabt*s Office.— Betoms of Rainfall in Barbados, Dec. 
4, 1893, to Dec. 2, 1894. 

Batayia, Maonetical and Metbobolooical Observatoby. — Observations, 1892. — 
Rainfall in the East Indian Archipelago, 1892. 

Beblin, Dbutschb Meteobolooische Gbsellschaft. — Berliner Zweigverein, 
1894.~Meteorologiscbe Zeitscbrift, Dec. 1893 to Nov. 1894. 

Berlin, Gesellsohaft fOb Ebdkundb. — Yerhandlangen, Band XX. No. 10 to Band 
XXI. No. 9.— Zeitschrift, Band XXVIII. No. 6 to Band XXIX. No. 5. 

Berlin, Koniolich FaEussiscHES Meteorolooibches Inbtitut. — Berioht iiber die 
Tbatigkeit im Jahie 1893. — Ergebnisse der Beobachtnngen an den Stationen II. und 
III. Ordnong im Jahre 1893, Heft 2, and 1894, Heft 1 .— Ergebnisse der magnetisohen 
Beobachtungen in Potsdam in den Jahren 1890 und 1891. — Ergebnisse der 
meteorologischen Beobachtangen, 1890. — Ergebnisse der Niederscblags-Beobachtongen 
im Jahre 1892. 

Bombay, Government Obsebvatobt. — Magnetioal and Meteorological Observations, 
1891-3. 

Bombay, Metbobolooical Office.— Brief Sketch of the Meteorology of the Bombay 
Presidency in 1893-4. 

Boston, New England Weathsb Sebvice. — Annual Summary, 1892.— Bulletin, 
Dee. 1893 to Oct. 1894. 

Bremen, Meteobolooische Station.— Ergebnisse der meteorologischen Beobach- 
tnngen, 18(98. 

Brisbane, Chief Weather Bureau. — Observations at meteorological stations in 
Qaeensland, July to Sept. 1893.— Summaries of Rainfall in Queensland, Oct. 1892 to 
Sept. 1898. 

HIB'W BSKnCS.—YOL, XXI, F 
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Brisbane, Genebal Reoibter Office. — Annual Report by the Registrar Qenend on 
the Vital Statistics of Queensland, 1893.— Report on the Vital Statistics, Oct 1893 to 
Oct. 1894. 

Brisbane, Rotal Geographical Societi; of Australasu. (Queensland Branch). — 
Proceedings and Transactions, Vol. IX. 1893-4. 

British New Guinea, Government Secretary's Office. — Meteorological 
observations taken at Port Moresby, Jnly to Dec. 1893. 

Brussels, Observatoire Royal de Belgique. — Annales. Observations m6t6oro- 
logiques d Uccle, Jan. to Jane 1893.~ADnuaire, 1894. —Bulletin m6t6orologique, Dec. 
1893 to Nov. 1894. 

Budapest, E. Unq. Central- Anstalt fur Meteorolooib und Ebdmaonbtisxus. — 
Jahrbuch, 1891. 

Bucharest, Institut M^t^orologique de Roumanie. -Annales, Tomes Vn.-VIIT. 
1891-2. — Buletinul Observatiunilor meteorologice din Romania, Dec. 1893 to Nov.1894. 

Cairo, Soci^t^ Eh&diviale de Gi:oGRApHiE. — Bulletin, IVe. S6rie, Nos. 1 and 2. 

Calcutta, Meteorological Department of the Government of India. — Daily 
Weather Charts of the Indian Monsoon Area, July 28, 1893, to June 15, 1894. — India, 
Daily Weather Reports, Dec. 4, 1893, to Deo. 7, 1894. — Indian Meteorological Memoirs, 
Vol. VI. part 1. — Memorandum of the snowfall in the mountain districts bordering 
Northern India, and the abnormal features of the weather in India during the past 
five months [Jan. to May], with a forecast of the probable character of the South-west 
Monsoon rains of 1894. — Monthly Weather Review, Aug. 1893, to June 1894.— 
Rainfall data of India, 1893. — Registers of original observations, reduced and corrected, 
Aug. 1893 to June 1894. — Report on the Administration of the Meteorological Depart- 
ment of the Government of India, 189 J-4. 

Cambridge, U.S., Astronomical Observatory of Harvard College. — Investigations 
of the New England Meteorological Society, 1 89 1. ^Observations made at the Blue Hill 
Meteorological Observatory, Mass., 1892-3.— Observations of the New England Weather 
Service, 1892. 

Cambridge, U.S., Harvard University. — Report of the Geological Department for the 
year 1892-3. 

Cape Town, South African Philosophical Society. — Transactions, Vol. V. 
part 2, Vol. VII. part 1, Vol. VIII. part 1. 

Carlsruhe, Central Bureau fCr Meteorolooie und Hydroqraphie im Grosshbb- 
zooTHUM Baden.— Die Ergebnisse der meteorologischen Beobachtungen im Jahre 
1893. — Niederschlagsbeobachtungen der meteorologischen Stationen im Grossher- 
zogthum Haden, 1889, parts 1 and 2, 1893, parts 1 and 2, and 1894, part 1. 

Chemnitz, Koniol. Sachsisches Meteorologisches Institut. —Jahrbuch, 1893, 
paits 1-3. 

Christiania, Editing Committee Norwegian North Atlantic Expedition, 1876-78.— 
Zoology, Ophiuroidea, by J. A. Grieg. 

Christiania, Norske Meteorologiske Institut. — Jahrbuch, 1892.— Oversigt over 
Luftens Temperatur og Nedboron i Norge i Aaret 1893. 

Copenhagen, Danske Meteorolooisk Ixstitdt. — Bulletin M^i^orologique du Nord, 
Nov. 1893 to Nov. 1894.— Meteorologisk Aarbog, 1892, part 3, and 1893, parts I and 
3. — Observations Internationales Polaires, 1882-3. — Expedition Danoise. — Observations 
faites A Godthaab sous la direction de A. F. W. Paulsen. Tome I., Livraison 1. 

Cordoba, Acidemia Nacional de Ciencias. Bolttin, Tomo XH. i Xlll. 

Cordoba, Oficina Meteorolooica Argentina. — Anales, Tomo IX. 

Cracow, K. K. Sternwahte. — Mtteorologische beobachtungen, Aug. 1893 to July 
1894. 

Croydon, Microscopical and Natural History Club.— Daily Rainfall in the Croydon 
district, Nov. 1893 to Nov. 1891. — Report of the Meteorological Sub-Cummittee for 
1893. 

Dublin, General Register Office.— Annual Report of the Registrar General 
(Ireland), 1S92-3.— Weekly Returns of Births and Deaths, 1894. 

Dublin, Koyal Dublin Society. — Scientific Proceedings, Vol. VII. part 5, and 
Vol. VIII. parts I and 2. — Scientific Transactions, Vol. IV. part 14, and Vol. V., parts 
1-4. 

Dublin, Royal Ikish Academy. — Proceedings, Third series, Vol. III. No. 2.— 
Transactions, Vol. XXX. parts 11-14. 

Edinburgh, General Register Office. — Quarterly Returns of the Births, Marriages 
and Deaths rugistered in Scotland, for the year ending Sept. 30, 1891. 

Edinburgh, Royal Scottish Geographical Society.— Scottish Geographical 
Magazine, lb9l. 

Edinburgh, Koyal Society.— Proceedings, Vo\ XIX., 1891-2. 

Edinburgh, Scottish Meteorological Society.— Journal, Third Series, No. 10. 

Fiume, I. R. Accademia di Marina.— Meteorological Observations, July 1893 to 
June 1894. 
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GnrBTA, SooriETi db G^ooraphze.— Le Globe, Tome 88. 

GiiASoow, Pbilosophical Socibtt.— Proceedings, Vol. XXV., 1898-4. 
* Grbbhwioh, Botal Obsebyatort. — Magnetical and Meteorological Observations, 
1891. — Beport of the Astronomer Boyal to the Board of Visitors, June 2, 1894. 

Balls, Kaisbbliohb Lbopoldino-Carolimibchb Deutsche Axademie dbr Naturfor- 
BCBBR. — Leopoldina, 1892*8. — Oberirdische und nnterirdische Wirknngen eincs Blitz- 
Btrahles. Von O. Hoppe-Clansthal. — Untersuchung iiber das Wesen der sogenannten 
Be88els*8ohen Formel sowie deren Anwendung aaf die tagliche periodische Veranderung 
der Lofttemperator. Von Dr. P. Schreiber. 

Hambubo, Dbotsche Seewabtb. — Ans dem Arohiv, 1898.-> Deutsche neberseeische 
meteoToIogische Beobachtongen, Heft VI.— Deutsohes meteorologisches Jahrbach fur 
1892.— Seohzehnter Jahrea Bericbt iiber die Thatigkeit fiir das Jahr 1893.— 
Wetterbericht, 1894. 

HoHOKoxa, Obsbbtatoby.— Obserrations and Besearcbes, 1898. 

Ibkutsx (Siberia), Metbobolooisches und Magnetisches OBSEBYATOBiuH.^Beobach- 
timgen, 1890-2. 

Kazan, OBBBByATOiBB M&TioBOLOOiQUE de L'TTniyebsit^ Imp^biale.^ Observations 
1892, and Jan. to Ang. 1894. 

Kbw, OBSBBVATOBT.^Beport of the Incorporated Eew Committee, 1893. 

KiEw, Obsebvatoibe M&teobologique de L*Univrr8ite. — Aper^n g^n^ral de T^tat 
dea semailleB dans le baasin da Dnieper an commencement da mois de Jain (ool rnsse) 
1893. — Observations, Jan. to Sept. 1893. — Orages dans le bassin da Dnieper en 1893. — 
Prise et d6bade dea eanx 1892-3. — ^Bendement des r^coltes de Tannic 1893 dans le 
baaain da Dnieper. 

Leon, Lbcuela de Instruccion Secundaru del Ebtado. — ^Besamen General de las 
ObservadoneB Meteorologicas, 1893. 

Lisbon, Sociedade de Geooraphia.— Boletin, 12 a Serie, No. 3 to 13 a Serie, No. 9. 

London, Britibh Association. — Beport, 1893. 

London, Colonial Office. — Annual Meteorological Beport, Straits Settlements, 
1893.— Annnal Beport of the Director of the Boyal Alfred Observatory, Mauritias, 
1892. — Observations and Besearcbes at the Hongkong Observatory, 1893.— Report of 
the Director of the Hongkong Observatory for 1893. — Beport of the JSTatal Observatory, 
1893-4. — ^Beport of the Saperintendent of the Boyal Botanic Gardens, Trinidad, 1893. 

London, General Bboibter Office. — Annnal Summary of Births, Deaths and causes 
of Death in London and other great towns, 1893.— Quarterly Betums of Marriages, 
Births and Deaths for the year ending Sept. 30, 1894.— Weekly Beturos of Births and 
Deaths, 1894. 

London, Geolooical Socibtt. — Quarterly Journal, Vol. L., 1894. 

London, Imperial I.nsitute. — Annual Beport, 1893. 

London, India Office. — Account of the Great Trigonometrical Survey of India, 
Vol. XV. 

London, Institution of Electrical Emgineers.— Journal, Nos. 108 to 113. 

London, Junior Enoinberino Sooiett. — Becoi'd of Transactions, Vol. ni., 1892-3. 

London, Meteorological Office.— Daily Weather Beports, 1894.— Harmonic 
Analysis of Hourly Observations of Air Temperature and Pressure at British 
Observatories, Part I. Temperature : By Lieut. Gen. B. Strachey, F.B.S.— Meteorological 
Observations at Stations of the Second Order, 1889. — Report of the Meteorological 
Council to the Boyal Society for the year ending March 3 1st, 1893.— Weekly Weather 
Beports, 1894. — Abstracts of Meteorological Observations taken at the Lighthouse 
and other coast stations in Tasmania, 1871-5, by T. Boblin. — Comparative Bainfall, 
Colony of the Gambia, 1889-93, by Dr. W. T. Prout.— Extracts from the Beport of the 
Director of the Observatory to Marine Committee, and meteorological results deduced 
from observations taken at the Liverpool Observatory, Bidston, Birkenhead, during the 
years 1892-3.— Meteorological Observations made at Hobart and other places in 
Tasmania, 1S85.7.— Rainfall for the Hawaiian Islands, 1892.— Beport on the Meteoro- 
logy of Ceylon, 1893. — Besults of five years' Meteorological Obser rations for Hobart 
Town, completing a period of thirty-five years [lB4l-7o], by F. Abbott — Bulletins 
m6t6orologiques publics par le 2de section de la Soci6t6 d'encouragement de Tiudustrie 
et da commerce A Yarsovie, Jan. to Mar and July to Dec. 1891.~Ballet'n quotidien 
de TAlg^e, Dee. 1893, and Jan. to June and Aug. to Oct., 1891. — Schwerebestim- 
mangen im hohen Norden ausgefiihrt vom k. u. k. Linienschiffs-Lieutenant August 
Gratzl im Sommer 1892. 

LoNDOH, Physical SocietT;— Proceedings, 1891. 

LoMooH, Botal Agricultural SoaETT.— Journal, Third Series, Vol. lY. part 4 to 
VoL V. part 3. 

LoHDON, Boyal Astronomical Sooiett. — Monthly Notices, Vol. LIY. No. 2 to 
Vol. LV. No. 1 . 

LoNOtfir, Botal Botanic Society.— Quarterly Record, 1894. 

LoNPON, Botal Institution oy Great Brhain.— Proceedings, No. 87. 
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London, Rotal Socistt. — Catalogue of Scientific Papers (1874-83), Yd. X.— Pro- 
oeedings, Nos. 328 to 389. 

London, Sanxtabt Instittjts.— Journal, Vol. XV. parts 1 to 3.-«-Tranaactioiii« VoL 
XIV. 1893. 

London, Society op Abts. — Journal, 1894. 

Madras, Meteobologigal Office.— Madras Weather Chart, Not. 17, 1893, to Mar. 
81, 1894. 

Madrid, Obseryatobio. — ^Expo8ioi6n y Besumen de Obserraoiones Meteorol6gicM 
efectuadas en el Observatorio de Madrid, 1860-89. .^^..^ 

Madbid, Socibdad Gboobafica.— Boletin, Tomo XXXV., Nos. 4 to 6, Tome XXXVI. 
Nos. I to 4 and 7 to 10. 

Magdebubo, Wettebwabte deb Magdebuboischbn Zeituno.— Jahrbuch der meteoro- 
logischen Beobachtangen, 1892-3. 

Manchebteb, Litebabt and Philosophical Socibtt.— Memoirs and Proceedings, 
Fourth Series, Vol. 8, Nos. 1 to 3. 

Manila, Obsebyatobio Meteobolooioo. — Observaciones Terificadas, Apr. to Sept, 
Nov. and Dec, 1892, Jan. to Mar., May, July to Oct., 1893, and Jan. 1894. 

Mablbobouoh, College Natubal Histobt SociETT.^Beport, 1898. 

Mabseilles, Commission de MIit&obologie du D£pabtsmknt dbs Bougbxb-du- 
Bhone. — Bulletin Annuel, 1892. 

Maubitius, Royal Alfbbd OssEBYATOBt. — Annual Beport of the Director, 1892.— 
Besults of meteorological observations, 1893. 

Mazatlan, Obsebyatobio Astbon6mico-Mbteobol6gioo. — Cnadro que manifietta la 
cantidad de lluvia caida durante los afios 1880 k 1891^Be8amen general da las 
observaciones meteorologicas, 1893. 

Mblboubne, OBSEBVATOBY.—Becord of Results of Observations in Meieorology, 
Terrestrial Magnetism, &o., Jan., 1893 to Mar., 1894. 

Mexico, Obsebyatobio Meteobol6gico-Magn£tico Ckntbal. — Boletin Mensual, 
Tomo in. No. 6.— Besumen, Jan. to Oct. 1894. 

Mexico, Socibdad Cientipica *' Antonio Alzate.**— Memoriae, Tomo VIL Noa. 8 to 
12. 

Michigan, State Board op Health. — ^Annual Beport of the Secretary for the year 
ending June 30, 1891. 

Milan, B. Ossebyatobio Astbonomic di BBEBA.~Os8ervaziomMeteorblogidhe, 1893. 

Montevideo, Socibdad Mbteorol63ica Ubuguata. — Bevista mensual de meteorologia 
pr&ctioa, Tomo 11. Nos 1 to 4. 

Moscow, SoaETi: ImpIiriale des Naturalistes.— Bulletin, 1893, No. 4 to 1894, 
No. 1. 

Munich, K. B. Meteorologische Central Station. — Beobaohtungen der meteoro- 
logischen Stationen im E5n. Bayern, Jahrgaug XIV. Heft 5, and Jabigang XV. Heft 
3 to Jahrgang XVI. Heft 8. — Uebersicht dber die WitterungsverhiQtiiisse im Eon. 
Bayern, Nov. 1893 to Oct. 1894. 

Natal, Observatory.— Beport of the Superintendent for the year ending June SO, 
1893. 

Newhaven, Obsebvatobt op Yale Unfvebsity. — Beport of the year 1893-4. 

New Tobe, Centbal Park Observatory.— Abstracts of Registers from self-recording 
instruments, Nov. 1893 to Oct. 1894. 

Ottawa, Geological Survey Department. — Annual Beport, 1890-1. 

Paris, Bureau Central Met&orologique. — Annales, 1891-2. — ^Bulletin Intemational, 
1894. — Bapport de la Conference M6t6orologique Internationale. Reunion de Munich, 
1891. 

Paris, Obsebvatoibe de la Toub Saint-Jacques. — ^B^sumd des Observations M6tto- 
ologiques, July 1891 to Dec. 1893. 

Paris, Obsebvatoibe Municipal de Montsoubis. — Annuaire, 1894-.5. 

Paris, Soci^te M^TioROLooiQUE de France. — Annuaire, July 1893 to Sept. 1894. 

Philadelphia, Ahirican Philosophical Society.— Proceedings, Nos. 143, 144 and 
145. 

Pola, E. E. Hydrographisches Amt. — Meteorologische und magneiische Beobaohtnn* 
gen, Nov. 1893 to Oct. 1894. 

PoRT-AU-rRiNCB (Haiti), Observatory. — Metoorological Observations, 1892. 

Prague, E. E. Sternwarte. — Magnetische und meteorologische Beobaohtungen, 
1893. 

Puebla, Observatorio Meteorologico de Colegio Catolico del S. Cobazon de 
Jesus. — Dictamen sobre la improbabilidad del Temblor anunciado en Mexico para el 
10 de Agosto. — Besumen de las observaciones meteorologicas, 1879 and 1887-0. 

Puebla, Observatorio Meteorologico del Colegio del Estado. — Bestmien oorres- 
pondiente a cada dia, Apr. to Dec. 1893. 

Bio de Janeiro, Obsebyatobio.— Anuuario, 1893. 

BoME, Specola VATiOANA.«-Pubblioazioni, Vol. IV. 1894. 
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BouE, IlFFiao GsMTRALE Mbteobolooico e Geodinamico Italuno. — ^Annali, Serie 
Seoondo, Vol. XII. part 1, XIV. part I, and XV. part 1. 

Sam Febnamdo, Instituto-y-Obbebtatobio de Mabina. — Anales, Secoion 2a. Obser- 
▼aciones Meteoroldgicas y Magneticas, 1892. 

Sam Joek, Instituto Fisico-Geoobatico t del Museo Nacional. — Anales, Tomo IV. 
1891. 

Sah Paulo, Coxmissao Geoobaphica Se^cao Meteobologica.-- Dados Climatologioos, 
1890-2. 

SoPHU (Buloabu), Station Gemtbale M&xioBOLOOiQUE, — Bulletin Annuaire, 
1891-8. — Boletin mensnel, Jan. to Nov. 1894. 

SouTHPOBT, Mbtbobolooical DsPABTSfSNT.— Beport and Besults of Observations for 
the year 1893. By J. Baxendell. 

Stockholm, E. Svbmska Vetenbkaps-Axademi. — Observations du Magn^tisme Ter- 
restre faites & Upsala sous la direction de Bob. Thalen pendant Texploration inter- 
nationale des B^gions Polaires en 1882-3. Calcal6es et r6dig^es par E. Solander. 

Stockholm, Msteobolooibka Centbal-Amstalten.— Manadsofversigt af Vaderleken 
i Sverige, Nov. 1893 to Oct. 1894.— Meteorologiska lakttagelser i Sverige, 1889-90. 
Stonthubst, College Obbebvatobt.— Besults of Meteorological Observations, 1893. 
St. Petebbbubo, Eaibebliche Akademie deb Wisbenschaffen. — Bepertorium fiir 
Meteorologie, Band XVI. 1893. 
St. Petebbbubo, Phtbikalibcheb Centbal-Obbebvatobium. — Annalen, 1892. 
Stbabbbubo, Meteobolooibcheb Landebdiemst im Elsasb-Lothbimgen. — Ergebnisse 
der meteorologischen Beobachtungen im Beichslande Elsass-Lothringen, 1892. 

Stdney, Obbebvatobt. — Daily Weather Charts, 1893. — Diagram of Isothermal Lines 
of New South Wales. — Meteorological Observations, July 1893 to June 1894.— Besults 
of Bain, Biver, and Evaporation Observations made in New South Wales, 1892. 

Sydney, Botal Socistt or New South Wales.— Journal and Proceedings, Vol. 
XXVn. 1893. 
Tacdbaya (Mexico), Obsebvatobio Astbon6mico Nacxonal. — Anuario, 1894-5. 
Tananabive, Obbebvatoibb Boyal de Mia>AGABCAB. — Observations M^t^orologiques, 
1892. 

ToKio, Gentbal Mbtbobological Obsebvatoky. — Annual Beport, 1891, part 2, 1892, 
part 1, and 1893, part 1. 
ToKio, Impbbial UnivEbbityoe Japan. — Calendar, 1893-4. 

Tobonto, Metbobological Office. — Monthly Weather Beview, July 1893 to May 
1894.— Beport of the Meteorological Service of the Dominion of Canada, 1889. — 
Toronto General Meteorological Begister, 1893. 

Tbxsbts, Obbsbvatobio Abtbonomioo-Meteobolooico. — ^Bapporto Annuale, VoL Vm. 
1891. 

TuBiN, SociETi Meteoboloqica Italiana. — Bollettino mensuale, Deo. 1893 to Nov. 
1894. 

Upsala, Meteobologibka Obbebvatobium.— Bulletin mensuel, 1893. — Procte- 
Verbauz du comit6 de Tatlas de nuages k Upsala en aodt 1894. 

Utbecht, E. Nedeblandboh Mbtbobolooisch Instituut.— Onwcders in Nederland. 
1893. 

Vbba Cbuz, Obsebvatobio Mbteobolooico Gentbal.— Begistro de observaciones 
meteorologioas, Feb. 1894. 

Vibmna, E. E. Centbal-Anstalt f^b Mbteobologib und Ebdmaonxtxbmub.— B«obaoh- 
tnngen, July 1893 to July, 1894.— Jahrbuch, 1892. 

Vienna, Obbtebebicbibche Gesbllbchaft f^b Metbobolooii. — MeteorologischeB 
Zeitechrift, Deo. 1893 to Nov. 1894. 
Vienna, Sonnblick-Vebbin. — Zweiter Jahres-Bericht, 1893. 

Washington, Geological Subvey. — Twelfth and Thirteenth Annual Beport-s, 
1890.2. 

Wabhington, Hydbogbaphio Office. — Pilot Charts of the North Atlantic Ocean, 
1894.— Pilot Charts of the North Pacific Ocean, July to Dec. 1894. 

Washington, Naval Obbbbvatoby.— Magnetic Observations, 1892.— Meteorological 
Observations and Besults, 1889.— Beport of the Superintendent for the year ending 
/one 30, 1893. 

Washington, Smithbonian Institution— Annual Beports, 1891-2. 
Washington, Weatheb Bubbau.— Currents of the Great Lakes.— Monthly Weather 
Beview, Oct. 1893 to Aug. 1894.— Protection from Lightning. By A. McAdie.-^ 
Beport of the Chief lor the years 1891-3.— Beport of the International Meteorological 
Conference at Chicago, Aug. 21-24, 1893. — Summary of International Meteorological 
Observations. By H. H. C. Dunwoody. 

Wattobd, Hbbtfobdshibb Natubal Hibtobt SocnxT.— TransaotioniiVol. VII. parti 
8 and 9. 

WsLLnoTOM, N.Z., Bioistbab-Gbnbbal's Offisb.- BtatisticB of the Colony of New 
^Mland, 1892.— The New Zealand Official Tear Book, 1894. 
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WsLLiNOTOM College (Berks) Natural Science Socibtt. — Annual Beport, 1893. 
York, Yorkshire Philosophical Society.'— Annual Report, 1893. 
Zi-Ka-Wei, Obsbrtatoire MAGMi:TiQUB ET M&Ti:oBOLooiQUR. — BoUetin Menffael, 
1892.— Typhons de 1892, Jaillet, Ao(tt, Septembre. Par le B. P. S. CheTalier 8.J. 
Zurich, Schweizebische Meteorolooische Central- Anstalt. — Annalen 1891-2. 



Presented by Individuals, 

Abercrombt, Hon. B. — An Essay on Southerly Borsters. By H. A. Hunt. 

Akerblom. P. — De Temploi des pbotogramm^res poar mesorer la hanteor des nnaget. 

Andr^e, S. a. — lakttagelser under en Ballongfard den 15 Jnli et 9 Aagusti, 1893. 

Batchelder, S. F.— a new series of Isanomalous Temperature Charts, based on 
Buchan*8 Isothermal Charts. 

Baturoni, G. — Diagrama de Presion, Temperatura, Lluvia, y Viento, de Yenemi, 
July to Dec. 1893 (MS.). — Begistro de observaciones meteorologicas de Yeracmz, July 
to Dec. 1893 (MS.). 

Baxendell, J. — Meteorological obseryations at Sonthport, Deo. 23, 1898, to Deo. 21, 
1894. 

Batard, F. G. — Sketches accompanying Beport of U.S. Coast Surrey, 1851. 

Bell, C. W.— Charts from Hichard's Barograph at Yewhurst, East Grinstead, 
1893 (MS). 

Bowker, a F. — Table of Meteorological Observations, Town Mailing, Kent, 1893. 

Braddon, W. L.— Beport on the Medical Department of the State of Snngei Ujong, 
1892. 

Brown, A. and Boobbyer, P. — The Meteorology of Nottingham, 1893. 

Casella; L. — Illustrated and Descriptive Catalogue of Automatic Becording Instru- 
ments (Systdme Bichard FrSres) for Science, Engineering, and Commerce. 

Chandler, A. — Abstract of Meteorological Observations made at Torquay, 1893. — 
Sunshine Becording : The Instruments and their Uses. 

Clark, J. E. — Natural History Journal, 1894. 

Clayton, H. H. — Six and Seven Day Weather Periods.— The movements of the air 
at all heights in cyclones and anticyclones, as shown by the cloud and wind records at 
Bine Hill. 

Cline, Dr. I. M. — Notes on the climate and health of Galveston, Texas. — ^The 
climate of Texas in its relations to the distribution of diseases and the effects of climate 
and weather changes in causing diseases and deaths. 

CoHN, Dr. F. — Die Rlimatisohen Verhaltnisse von Eonigsberg nach fiinfundviercig- 
jahrigen meteorologischen Beobachtungen. 

Colladon, The Family or the late Prof. D.— Souvenirs et M^moires, Autobiographie 
de J. Daniel CoUadon. 

Collbnbtte, a.— Mean Besults of meteorological observations taken in Guernsey, 
1843-93. 

Cooke, B.— Bainfall in 1893 at Detling, Maidstone (MS). 

Coventry, F. —Bainfall at Ketton Hall, Stamford, 1893. 

CoxEN, Mrs.— Meteorological Observations at Bulimba, Queensland. July to I>eo. 
1893 (MS.). 

CuLLEY, £. H.— Meteorological Observations at Monmouth, 1894 (MS.). 

Danckelman, Dr. A. von.— Bemekungen fiber das Klima yon Jalait. Nach Dr. 
Steinbach. 

Davis, W^. M.— Elementary Meteorology. — The winds of the Indian Ooean.^ 
William Ferrel. 

Denza, Padre F. (the latb). — I freddi del Gennaio 1893. — I grand! calori d*Ag06to 
nel 1893.— Stelle Cadenti deirAgosto 1893 osservate in Italia. 

Dickson, H. N. — Beport on the Physical investigations carried out on board H.M.S. 
Ja4ikal, 1893-4. 

Dixon, H. P.— Wiltshire Rainfall, Deo. 1893 and (maps onM Jan. to Nov. 1894. 

Doyle, P.— Indian Engineering, Vol. XIV. No. 27 to Vol. Xvl. No. 23. 

Drucb, F. — Meteorological Observations at Upper Gatton, Surrey, 1894 (MS.). 

Durand-Greville, E.— Les grains et les orages. 

Edqe, T. L. K. — Meteorological Begister kept at Mansfield Woodhoose, 1796. By 
H. Booke. 

Editor. — American Meteorological Journal, 189>. 

Editor.— Ciel et Terre, 1894. 

Editor. — Electrical Beview, J 894. 

Editor. — 11 Bosario e la Nuova Pompei. Anno X. No. II to Anno XI. No. 9. 

Editor. — Nature, 1894. 

Editors. — Observatory, 1894. 

Ekholm, N.— Om psykrometerformeln, sarskildt vid laga lufttryok. 
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Ekholm, N. und Abbhenius, S.—Ueber den Einfloss des Mondea auf den elektrisohen 
Zustand der Erde. 

Elliot, Db. G. S. — ^Meteorological Observations at Gaterham, Surrey, 1894 (MS.). 

Ellis, W. — Map showing for the Westminster Clock Bell the allowance of time to be 
made on acconnt of tiie velocity of sound.— Map showing lines of equal magnetic de- 
clination for Jan. 1, 1894. 

Fabbah, J. — The Weather in Harrogate during 1893. 

Fox, W. L. — Falmoath Observatory, Meteorological and Magnetical Tables and 
Beports, 1893. 

Gltde, E. E. — Meteorological Observations at Tavistock, Devon, Jan. to Oct. 1894. 

Gbben, W. a.— Original MSS. Papers of the late Lieut. Wm. PriAgle Green, R.N., 
relating to Meteorological subjects. 

Gbebnwood, Capt. W. N. — Tides and Tidal Phenomena considered in connection with 
atmospheric pressure. 

GuMTEB, Db. F. E.— ^Beport of the Devonshire Hospital and Buxton Bath Charity, 
1893. 

GuppT, H. B. — River Temperature. 

Hall, M.— Jamaica Weather Report, Nov. 1893 to Sept. 1894. 

Hamlyn, J. — Meteorological Observations at Buckfastleigh, Devon, 1894 (MS.). 

Hank, Db. J. — Beitrage zum tagUohen Gauge der meteorologischen Elemente in 
den hdheren Luftschichten. — Die tagliche Periode der Windstarke auf dem Sonnblick- 
gipfel und auf Berggipfeln iiberhaupt. — Meteorological^stations and publication of results 
of observations. 

Habbinoton, M. W. — The Texan Monsoons. 

Habbison. Db. C. — Annual report of the Medical Officer of Health of the City of 
Lincoln, 1892. 

Habtl, Libut. H. — ^Vergleiche von Quecksilber-Barometern mit Siede-Thermome- 
iem. 

Haviland, Db. A. — The Geographical Distribution of Disease in Great Britain. 

Henbhall, E.^Meteorological Observations at Woolacombe, N. Devon, 1894 (MS.). 

Hill, G. H. — Returns of Rainfall in the Glasgow, Manchester, Ashton, Dewsbury, 
Stockport, Halifax, Blackburn, Home Reservoirs, Oldham, and Batley Waterworks 
Districts, 1889 to 1893. 

HoLZEL, E. — Die Temperatur fliessender Gewasser Mitteleuropas. Von Dr. A. E. 
Forster. 

HopKiNBOH, J.— Climate of Watford, 1877-86. — Climatological Observations in 
Hertfordshire, 1891-3. — Meteorological Observations at St. Albans, 1891-3.~Rainfall 
in Hertfordshire, 1892-3. 

HuHTEB, J. --Meteorological Observations at Belper, 1894. 

Eammbbmahn, a.— R6sum6 M6t4orologique de Tann^e 1893 pour Geneve et le Grand 
Saint Bernard. 

SHELLY, Db. C. — Report on the Epidemic of Enteric Fever in 1893, in the Borough, 
of Worthing, in Broadwater, and in West Tarring. 

Klossovbkt, a. — Distribution annuelle des orages & la surface du globe terrestre. — 
Le climat d*Odessa. — Organisation de r6tude dimat^ique sp^ciale de la Ruasie et pro- 
bldmes de la m^t^orologie agricole. — Revue M6t6orologique. Travaux du reseau 
m6t6orologique du sud-ouest de la Russie, 1893, Vol. YI. 

Lancasteb, a.— Le Climat de la Belgique en 1893. 

Lanolet, S. p.— The Internal Work of the Wind. 

LiNOTOFT.— Meteorological observations at Aburi and Accra, West Africa, 1891-3. 

LiSTEB, M.— Annual Report on the State of Negri Sembilan, 1893. 

LovEL, J. (the late).— Temperature, Rainfall, and Sunshine at Driffield, 1889-93. 

Ltndon, Mbs. C— Meteorological Observations at Wellington, Somerset, 1894 (MS.). 

Mabeha m, C. A.— Meteorological Report for Northamptonshire, Oct. 1893 to Sept. 
1894. 

Mabbiott, W. — Moisture, its determination and measurement. 

BfABBHALL, S. A.— Rainfall in Lake District, Deo. 1898 to Nov. 1894. 

Mawlet, E. — The Rosarian*s Tear Book, 1894. 

McLandsbobougb, J. & Pbbston, a. E. — Meteorology of Bradford, 1893. 

Mellish, H.— The Weather of 1893 at Hodsock Pnory, Worksop. 

Millbb, S. H.— Wisbech Meteorology. 1861-76 (MS.). 

Mitchell, Rev. J. C— The Weather of 1893 at Chester. 

MooBE, Db. J. W.— Abstract of Meteorological Observations at Dublin, 1893. 

MoBBisoN, J. — Meteorological Observations at Ballinluig, Perthshire, 1894 (MS). 

MosBMAH, R. C— Results of Meteorological Observations taken at Edinburgh, 1893. 

Pabanby, J. M. — Meteorological Report for Albert Park, Middle^borough, Dec. 1893 
to Nov. 1894 (MS.). 

FiABapE, C. N.—Meteorological Observations at Reading, 1894 (MS.). 

if C. B. — .Meteorologicfd Observations at Rousdon Observatory, Devonshirei 1893. 
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Phillips, F. H.— Meteorological Obseryations at Ditohling, Sassez, 1894 (MS.). 

PoMOBTZEFF, GoL. M. M. — Apparatos to determine the direotions and angular moT8- 
ments of olonds. — Determination of the directions and angular yelooity of the moTe- 
ments of clouds. 

Preston, A. W.^Meteorological Notes. 1893 : from observations taken at Blofidd 
and Brundall, Norfolk. 

Prince, C. L.— Journal of the Weather at Warwick, 1769 (MS.).— Journal of the 
weather at Schuckburgh, Obt. 1789 to Rept. 1797 (MS.). 

Bamsat, A.^The Scientific Boll, Climate ; Baric Condition, Nos. 1 to 5. 

Bavenstein, £. G. — ^Beport on meteorological observations in British Bast Africa for 
1893. 

Bebman, F. J.— Meteorology, Practical and Applied. By Dr. J. W. Moore. 

Biohabdson, N. M.— Beport on Observations on the appearances of Birds, Inseets, 
Ac, and the Flowering of Plants and Betums of Bainfall in Dorset during 1892. 

BiooENBACH, A. — Die Niedersohlagsverhaltnisse des Eantons Basel und ihre Bezieh- 
ung zur Bodengestalt. — Witterungs-Uebersicht des Jahres 1893. 

BoBiNsoN, J. — Quelques notes sur Thydrologio dn bassin da Nil. Par A. F. 
Ventre-Bey. 

Botch, A. L.— Meeting of the International Meteorological Committee.— The 
Meteorological Services of South America.- The Pole Star Beoorder. By S. P. 
Fergusson. 

Bung, Capt. G.— Bepartition de la Pression Atmosph^rique sur I'Ooean Atlantique 
Septentrional d'apr^ les observations de 1870 & 1889 avec la direction moyenne dn 
vent sur les littoraux. 

BussELL, H. C— On Meteorite No. 2 from Gilgoin Station.— Pictorial Bain Maps. 

Salle, 0.— Das Wetter, 1894. 

Sandebson, T. H. — B^8um6 Mensuel des observations meteorologiques faites a 
robservatoire Eh^divial du Cairo, Jan. 1888 to Julv 1894. 

Scott, B. H.— The publication of Daily Weather Maps and Bulletins.— Questions 
and Answers on Meteorology. 

Shaw, Bbv. G.— Meteorological Observations at Farafangana, Madagascar, Oct. 1893 
(MS.). 

Shewabd, B. — Annual Report of Meteorological Observations at Bastboume, 1893. 

Shoolbbed, J. N.— Besumen de las observaciones meteorol6gicas de Bilbao, 1860-1. 

Singer, Db. E. — Wolkentafeln. 

Slade, F. — Meteorological Observations at Beokford, Tewkesbury, 1893. 

Smith, H. — Bainfall and Temperature at Eenley for six years, 1888-93. 

Sparks, F. J. — Meteorological Observations at Crewkerne, Somerset, 1894 (MS.). 

Stanfobd, E.—Cloadland. By Bev. W. Clement Ley. . ^ 

Stellino, E. — Magnetische Beobachtungen im ostsibirischen Eiistengebiete im Jahre 
1890 nebst Bemerkungen tiber die Aenderungen der erdmagnetisohen Blemente 
daselbst. 

Stokes, J.— Annual Beport of the Medical Officer of Health, and Meteorological 
Beport for Margate, 1893. 

Swan, Sonnenschein and Co.— Bain Making and Sunshine. By J. Collinson. 

Stmons, G. J. — English Meteorological Literature, 1837-1609. — Symons's British 
Bainfall, 1898. — Symons's Monthly Meteorological Magazine, 1894. 

Tacohini, p. — Salle carte magnetiche d*ltalia eseguite da Ciro Chistoni e Luigi 
Palazzo per cura del B. Uffioio Centrale Meteorologioo di Boma. 

Tatlob and FnANas (Messrs.). — Taylor's Calendar of the Meetings of the Scientific 
Bodies of London, 1894-5. 

TiNSLET, G. W. — The vaster forces in Meteorology and Astronomy. 

Todd, Sir C. — Meteorological Work in Australia. 

Tbeacheb, W. H.— Annual Bepoit of the State of Selangor, 1893. 

Tbipp, C. U.— Thirty years' Bainfall at Altarnum, Cornwall, 1864-94. 

Tybeb, B. — Annual Beport of the Sanitary Condition, (fee. of the Borough of Ghelten* 
ham for the year 1898. By [Dr. J. H. Garrett.— The Meteorology of Cheltenham, 
1 893.— Bainfall in the County of Gloucester, Dec. 1898 to Nov. 1894. 

Yallot, J.— Annales de TObservatoire M6t^orologique du Mont-Blanc, Vol. I. 

Veby, F. W. — Hail-storms. 

Walkeb, E. O.— Earth Currents in Tndia. 

Walleb, J. G. — Annual Report on the Health, Sanitary Condition, &o. of the Dii^ 
trict of Woolwich, 1893. By Dr. W. B. Smith. 

Wabd, B. de C— List of Cloud photographs and lantern slides. 

Wabbt, Db. J. E.^ Reports on the Sanitary Condition of the Hackney District, 1889- 
02. 

Williams, Db. C. T.— Aero-Therapeutics. 

Wilkhubst, a. J.— Temperature and Bainfall at Manor Park, Essex, Dec. 1893 to 
I^oy. 1894 (MS.). 
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WoEiKOF, A. — BemerknnRen za Hermann's Abhandlong : Beziebnngen der Wetter- 
karten zar aUgemeinen Cirknlation. — Bodentemperatar unter Schnee and ohne Schnee 
in Eatberinenborg am Ural. — Das Elima und die Eultur. — Der bochste bis jetzt 
beobachtete Luftdrack anf der Erde.— Der Janunr 1893 in RuBsland.— Der taglicbe 
Cking der Temperatar nnd der Hydrometeore in Nordindien. — Gefrieren des Hndsons- 
flnsaes in Albany, Yereinigte Staaten. — Elimaschwanknngen. resp. mehrjabrige 
Perioden der Wittemng nnd ihre Erforschnng.— Elimatologische Zeit-nnd Streitfragen. 
I. Bemerknngen iiber den Einflnss von Land nnd Meer auf die Lufttemperatnr. IV. 
Bind die Winter im Norden warmer geworden ? V. Eontinentales nnd ozeanisches 
E[lima. VI. Abbangigkeit der Begen von der Aendernng des Qnerschnittes der Lufts- 
trome. — Mehrjabrige Scbwanknngen der Tiefentemperatnren des Genfersees und an- 
derer Seen nnd Binnenmeere warmerer Geganden. — Begenfall des siidwestlichen 
Transkankasien. 

WooDD, B. T.-Cbarts!rom BicbardBarograpb at Conyngbam Hall, Enaresboro/ 
1893 (MS.). 

ZxNOBB, Prof. C. V. — Coup de foudre remarquable. — ^L'61ectricit6 oonsid^r^e comme 
nn monyement tonrbillonaire. — ^Le syst^me du monde 61eotrodynamiqae. 
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EEPOBTS OF OBSEBVATOBIES, Ac. 

The Meteorological Office. — Lieut-Gen. R. Strachey, R.E., C.S.r., 
F.R.S., Chairman of Council ; Robert H. Scott, M.A., F.R.S., Secretary ; Nav. 
Lieut. C. W. Baiilie, F.R.A.S., Marine Superintendent. 

Marine Meteorology. — Current Charts for all Oceans. — The additions made 
to these charts during the year have consisted in the entry of any currents which 
have come in from recent voyages. Among these may be mentioned observa- 
tions taken on board H.M. ships, and a series of observations from the Indian 
Ocean and Western Pacific, received from the Imperial Austrian Navy. The 
work of generalising the currents has now been undertaken ; this is an operation 
requiring much consideration and judgment. It is not yet decided whether it 
will be advisable to bring out twelve monthly charts for each ocean, or whether 
(e.<7.) quarterly charts will meet the requirements of sailors. 

The Red &ea, — These charts are now complete, and will be issued in the 
coarse of the spring. 

The Meteorology of the South Sea, — The extraction and discussion of materials 
has been finished, and the charts are now in process of preparation for the 
engrayers. 

The South Atlantic. — Good progress has been made with the examination and 
extraction of data. The region is very extensive, and the mode of treatment 
required will probably be different in different pans of the area. 

The second edition of the Barometer Manual for Seamen has been published. 

Weather Telegraphy. — The only addition to the Weather Reporting Sta- 
tions daring the year has been that the Swedish Government has forwarded 
reports from Carlstad on Lake Wener. 

The Rain Tables for the British Isles for the decade 1881-90 are in the press. 
The values for England have been printed, and the information for Scotland and 
Ireland is less copious, so that it can soon be set up. The preparation of tables 
for back lustra, for such stations as were not contained in the previous publica- 
tion, and for which data for periods earlier than 1881 exist, will now be pro- 
ceeded with. 

Land Meteorology of the British Isles. — The volume of Hourly Mean 
Readings for five-day periods for the Four Observatories in 1891 has not yet 
appeared, but that for 1892 is in an advanced stage, awaiting the completion of 
the hourly tabulation of sunshine, as mentioned in last year's Report. 

Mr. Dines* pressure tube anemometer has been in action in the Office in 
London for two years, and it is now contemplated to erect some of these instru- 
ments at coast stations, as at Scilly or Holyhead, where there already exist other 
instrumenta, with which the indications yielded by Mr. Dines* apparatus can be 
eompared.— iforcA lUh^ 1895* 
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Royal Observatory, Greenwich. — W. H. M. Chriutie, M.A., F.B^., 
Astronomer Royal. 

The rapid gearing by means of which the registering sheet-of Osier's anemo- 
meter could be made to travel at 12 times the ordinary speed having been foand 
to work satisfactorily, a further change was introduced in the month of July 
enabling records to be made at a speed of 24 times the ordinary rate. 

Numerous records have been made on this extended scale in hi^h winds with 
satisfactory results, and the scale is now considered to be sufficiently opened 
out. Information relating to the gale of December 22nd has been famished to 
Mr. C. Harding. 

On account of the extension of the buildings for the north wing of the New 
Physical Observatory to the southern boundary of the Meteorological enclosure, 
it has been found necessary to remove the thermometer stand and the Stevenson 
screen to temporary positions near the north front of the photographic thermo- 
meter shed, but the final positions' for these instruments have not yet been 
arraaged. One rain gauge has also been shifted to a more open situation. Care 
has been taken to prevent interference to the instruments by workmen during 
the progress of building operations. 

The abstracts of the observations of the temperature of the air for the 50 
years 1841-1890 have been completely passed through the press, and the intro- 
duction (in the printer's hands) is alone wanting to complete this work, which 
will be now ready for issue in a very short time. 

The mean temperature for the year 1894 was 49^*9, being 0°*5 above the 50 
years' average. The maximum temperature was 86°*0 on July 6th, and the 
minimum 12 *8 on January 5th. The total amount of sunshine for the year was 
1,052 hours, being 400 hours less than in 1893. The total rainfall amounted to 
26-89 ins. on 192 d&yB,— April Sih, 1895. 



Royal Observatory, Edinburgh. — Ralph Copeland, Ph.D., F.R.S.E., 
Astronomer Royal for Scotland. 

The daily meteorological readings have been continued as in former years, 
together with weekly observations of the rock thermometers. The same large 
discrepancy as before is shown between the rain gauge on the roof and that 
on the grass 22 feet below, the upper gauge catching .only 18*53 ins. in 1894, 
as compared with 28'02 ins. at the lower level. 

It has not yet been practicable to begin observations at the new Observatory, 
but it is hoped that the meteorological instruments will be in fall working order 
before the close of the summer. — February 16th, 1895. 



Kew Observatory of the Royal Society, Richmond, Surrey. — Charles 
Chree, M.A., Superintendent. 

The several self-recording instruments for the continuous re^stration of 
atmospheric pressure, temperature of air and wet-bulb, wind (direction and 
velocity), bright sunshine, and rain, have been maintained in regular operation 
throughout the year, and the standard eye observations for the control of the 
automatic records duly registered. 

The tabulations of the meteorological traces have been regularly made, and 
these, as well as copies of the eye observations, with notes of weather, cloud, 
and sunshine, have been transmitted, as usual, to the Meteorological Office. 

Early in the year a new *' worm " spindle was fitted to the direction fans of 
the anemograph, and the square-headed pricker was replaced by a round one, 
made of extra hardened steel. At the same time the direction pencil was 
'* trued " in the lathe to improve the marking, and later on the velocity spiral 
was similarly treated. 

The analysis of the value of the residual corrections mentioned in last Report 
indicated that a re-determination of the barograph scale was expedient. This 
was carried out at the Meteorological Office, and showed that the old value of 
1*569 ins. in the curve ordinates to 1 in. of pressure should be replaced by one of 
1*553 ins. The new value has been employed since January 1st, and the irregu* 
larities of the residuals have been much less marked from that date. 
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The electrograph has been in regular action during the year, with the excep- 
tion of about 11 oays in January and 19 days in. August, and its 'general perform- 
ance has been satisfactory. Advantage was taken of the frost in January to 
dismount the whole of the instrument, to remove the old acid in the jar and 
insulators, and give the apparatus a general overhauling. At the same time the 
scale was slightly opened out. The suspension thread was accidentally broken 
on August 16th, but it was replaced, and the instrument re-started on Sep- 
tember 4th. 

Determinations of the scale value were made on March dOth, June 26th, and 
December 27th by direct comparison with the portable electrometer, White No. 
53. The value of the scale divisions of this latter instrument was kindly deter- 
mined by Prof. Carey Foster at University College Laboratory during February, 
and the value for one division found to lie between 197 — 205 volts. These ex- 
periments confirmed the scale value heretofore employed, viz. 1 scale division = 
200 volts. 

The observations of a series of distant objects, in fog and mist, have been 
continued. A note is taken of the most distant of the selected objects which is 
visible at each observation hour. An analysis of the results for the period 
Ma^ 1892 to December 1893 has been prepared and forwarded to the Meteoro- 
logical Council. 

At the instance of the Meteorological Council an electrical anemograph, with 
an improved arrangement for recording wind direction, has- been under trial for 
some months. 

To throw light on the results obtained with Lord Kelvin's water-dropper 
electrometer, a series of observations have recently been made for the Meteoro- 
logical Office on the distribution of electric potential in the neighbourhood of 
the Observatoiy. 

A grant of £30 has been obtained from the Royal Society Government Grant 
Committee for the purpose of conducting a research on the behaviour of aneroid 
barometers. The work of constructing the air pump and other apparatus re- 
quired was entrusted to Mr. J. J. Hicks. He has unfortunately experienced 
considerable mechanical difficulties, which have delayed the construction of the 
apparatus. It is hoped, however, it will be ready for use at an early date. 

During the year the temperature ranged from 14°*0 on January 5th, to 83°'4 
on July 6th. The mean temperature was 49°'9. In the sun's rays (black bulb 
«n vacuo) the maximum reading was 138° on July 8th ; and the lowest reading of 
a thermometer freely exposed on the grass was 11° on January 5th and 6th. 

1,851 hours of bright sunshine were recorded, giving a mean percentage of 
29, which is the average value. 

The only month calling for notice was March , when the percentage was 44, 
which is 15 per cent, above the average for the past 17 years, and the highest 
value yet obtained for that month. 

The rainfall, 28*02 ins., is the heaviest since 1880. There were 3 daily falls 
eaceeding an inch. viz. 1*11 ins. on July 10th, 1*45 ins. on July 29th, and 1*36 
ins. on October 80th.— ifarcA Ut, 1895, 



Radcuffe Observatory, Oxford.— E. J. Stone, F.K.S., Radcliffe Observer. 

No change in the routine or staff has been made during the year. The gelatino- 
bromide paper has been used for the photographic registers ; and the records of 
the photographic and self-recording instruments have been satisfactory through- 
oat the year. 

The eye-readings of the instruments have been taken as usual, and reports 
sent daily by telegram to the Meteorological Office, monthly to the Registrar- 
General and the local newspapers, and to sanitary and other authorities on 
request. 

During the visit of the British Association to Oxford, the Observatoiy was 
thrown open to Members and Associates, and a large number availed themselves 
of the opportunity of visiting the Observatory. 

The following are the chief characteristics of the weather noted at Oxford in 
the year 1894 :— 

The mean temperature of the air for the year was 49''*1, being 0°*3 above the 
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mean for the last 66 years. The highest temperature in the shade was 82^*5 on 
July 1st, and the lowest 11°' 1 on January 5th, the difference being 71^*4. The 
highest temperature in the sun*s rays was 131^*4 on July 6th, and the lowest on 
the grass 2^*5, on January 5th. 

The total rainfall was 30*101 ins., being 3-853 ins. above the mean for the last 
79 years. The largest monthly quantities of rain were 3*519 ins. and 4*964 ins. 
in October and November respectively ; whilst from November 7th to 14th Cin- 
clusive) 4*346 ins. fell, resulting in extensive floods. — February IIM, 1895. 



THE GALE OF DECEMBER 2l8t-22nd, 1894, OVER 

THE BRITISH ISLES. 

By CHARLES HARDING, F.R.M6t.8oc. 

(Plate I.) 



[Bead January 16th, 1895]. 

It has been customary for some time past that the occurrence of any 
exceptional meteorological phenomenon should form the subject of a paper for 
reading at a meeting of the Society — a custom which has the advantage not 
merely of bringing out the special features in connection with the different 
phenomena, but as time goes on we are collecting a series of papers on 
various subjects which are of interest to the Fellows, and which may prove 
useful outside the immediate sphere of the Society. The present paper has 
been undertaken on the above grounds, and it has been treated much in the 
same manner as former papers which I have prepared on similar subjects. 

The storm was one of exceptional severity over the northern portions of 
England and Ireland and in the south of Scotland. It developed energy 
very quickly, and travelled with great rapidity across the country. For some 
time previous to the storm gales were of frequent occurrence on our north and 
west coasts, and storm systems had been skirting our west and north coasts 
with great persistency, the disturbances following very much the same track 
when in close proximity to our coasts. 

At 8 a.m. on December 21st the barometer was falling in nearly all parts 
of our Islands, and in Scotland and Ireland the fall in many places exceeded 
0*8 in. since the preceding morning. The wind had backed ftom North- 
west to the Westward and South-westward, and ^the force had dropped 
decidedly, while rain had set in at many of the western stations. The 
Meteorological Office remarked that ** Further depressions are approaching 
our western coasts, and mild unsettled weather seems probable over the 
United Kingdom generally, with freshening South-westerly winds on our 
western coasts.*' The barometer readings ranged from 29*54 ins. at Sum- 
burgh Head to 80*20 ins. at Scilly and Prawle Point. 

The 2 p.m. reports showed that the fall of the barometer was continued, 
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the decrease since 8 a.m. being greatest at Belmnllet, where the fall amounted 
to 0*22 in. in the 6 honrs. The rain area had considerably extended, but 
there was no material increase in the wind, Scillj being the only station 
reporting more than a fresh breeze, and there the wind was only force 6. 

At 6 p.m. the fall of the barometer was still in progress over the entire 
Kingdom, and in the west the decrease was very rapid. The barometer was 
now as low as 29*84 ins. at Stomoway, while at SciUy the reading was 
80*05 ins. The wind had CTcrywhere become South- westerly and Southerly, 
and a fresh gale had already set in at Belmullet, while winds were freshening 
at all the western stations. The barometric fall was, however, as yet not 
rapid over the eastern portion of the Kingdom. 

There was now ample evidence of an impending storm, and the following 
statement, based on the 6 p.m. reports, was issued by the Meteorological 
Office : 

" The depression which is approaching the west of Scotland is evidently of 
considerable depth, and is likely to occasion gales from the South-westward and 
Westward over nearly the whole of the United Elingdom, with heavy rain in 
some of the western and northern districts.** 

• 

The storm-signals were at this time flying on all coasts. 

At 8 a.m. on the 22nd the observations show that during the night a 
sndden and most important change had taken place. A large storm area had 
swept across the north of Scotland, and the centre was now over the North 
Sea, not far to the eastward of the Moray Firth. The barometric fall was 
exceedingly large, amounting to more than an inch at all the northern and 
north-western stations, and at Aberdeen the fall in the 24 hours, since 8 a.m. 
on the 21st, was 1*60 in. A very violent gale was blowing in all parts of the 
British Islands, the observer at Malin Head reporting force 12 of 
Beaufort's scale. The wind at this time had shifted to the North-westward 
in nearly all parts of the Kingdom. Under the influence of this large 
disturbance a gale was blowing in the Gulf of Bothnia and along the whole 
distance to the west coast of France, a distance of about 1,400 miles. 

The 2 p.m. reports show that the disturbance was passing away quickly 
to the eastward, and a very decided rise of the barometer was in progress. 
The lowest reading now was 28*88 ins. at Sumburgh Head, while at Valencia 
the reading was 80*04 ins. The North-westerly gale was still blowing at 
many places on our coasts, but the wind was generally subsiding, although 
at Aberdeen force 11 was reported. 

At 6 p.m. the wind was still further subsiding, although the gale was per- 
sistently blowing on the Irish and on our east coasts. The central area of the 
disturbance was now close to Christiansand on the coast of Norway, where the 
barometer was reading 28*55 ins., the core, or heart, of the storm having 
perceptibly shallowed or filled up. 

At 8 a.m. on the 2drd, the wind had subsided over the whole of the 
British Islands, and the equilibrium seemed for the time to be thoroughly 
restored. There was no station in the United Kingdom reporting a stronger 
wind than a fresh breeze. The barometrical rise was equally as rapid as the 
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fall, the recovery since S a.m. of the 22nd being 1-66 in. at Aberdeen, and 
exceeding an inch at most of the northern and north-western stations. 

I have made a collection of the anemograph records for different parte 
of the Kingdom, and give in Table I. the hourly velooities for 16 stations in 
the United Kii^dom. The honrly Telocities ore given at each station for 
the vbole time that the velocity was 46 miles or above at any station in any 
part of the Kingdom. In one part or another 46 miles an hour — a fresh 
gale, force 8 of Beanfort's scale — was maintained for 28 consecntive honrs. 
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The factor 8 has been retained throughout this paper for the redaction of 
the anemometrical records, as no systemittic change bas yet been adopted 
either in this country or abroad, and the use of the factor 8 admits of ready 
comparison witli all previous records. The numerous oiperiraents, however, 
conducted in recent years by Mr. Dines and others, tend to show that the 
wind velocities obtained by the use of the factor 3 should probably be reduced 
by one-fourth to obtain the true velocity. The anemometers ased are not 
all of the pattern known as the large Robinson ; tliose at Dublin, Berkham- 
sted, and Scilly are of a smaller size. 

Tho highest hourly velocity in Table I. is 107 miles, recorded at Fleetwood 
at 9 a.m. on the 22Dd, ajid at that station the velocity exceeded 100 miles for 
the 4 consecutive hours from 8 to 11 a.m. This is the greatest force of wind 
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ever registered in the British Isles, and is 10 miles an hour in excess of the 
highest wind velocity in the great storm of November 16th- 20th, 1893. The 
highest velocity previously recorded at Fleetwood was 91 miles an hoar, in 
the gale of May 20th, 1887. 

In my discussion of the Storm of November 16th-20th, 1898, a Table 
was given showing the dates of gales from 1869 to 1898, with a wind 
velocity of 80 miles an hour and upwards. That table shows that there have 
been 21 gales in the United Kingdom since 1869 in which the hourly 
velocity of the wind has attained 80 miles, and ouly 8 gales during the last 
quarter of a century in which the wind has attained a velocity of 90 miles 
an hour. 

TABLE II. — FoBCE of Wind indicated bt YELOciry Anemometers. 
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Table II. gives a few of the principal details from Table I. grouped together 
for purpose of comparison. The highest velocities on shore are seen to have 
occurred at Fleetwood, Liverpool, and Orkney. These were the only places 
where the maximum hourly velocity exceeded 80 miles. At Alnwick the 
maximum was 79 miles, and at Holyhead 71 miles. The storm was least 
violent at Kew and Berkhamsted, where the hourly velocity did not exceed 40 
miles. The gale was of longest duration at Fleetwood and Holyhead, the 
hourly velocity being 45 miles, and above, at each place for 20 hours, and at 
Liverpool that velocity was maintained for 18 hours. At Fleetwood the 
hourly velocity was 85 miles, or above, for 1 1 hours, and the average wind 
velocity for 23 hours was 77 miles. 

Mr. R. H. Curtis has supplied the following note on the record of the 
Bridled anemometer at Holyhead : — ^ 
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'> The wind began to reach the force of a gale at 9 p.m. od the 2lHt, and b; 
midnight the RqualU hud become very aevere. It wna eBuentiallf ft aquatlj gale, 
the velocity of the wind ranging over as much as 60 to TO miles. The heavieit 
squall occurred from 10 a.m. to noon on the 22nd, and the maximuin veloci^ 
recorded by the Bridled anemometer eiceeded (more than once) 110 miles per 
hour (equal to 150 miles an hour on the basis of the old factor 3, C. H.), 
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Becords at the Ib^al ObBerratorf, Gteeuwidi, December 22nd, 1894. 

equivalent to a pressure of upwards of 36 lbs. per square foot. As early *s 2 a.m' 
on the 22nd they reached a rate of 100 miles per hour (135 roiles using factor 3, 
C' U.), but then fell oS somewhat till between 4 and 6 a-tn., when the fbiet 
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increased again. After noon on the 22nd the wind fell away considerably, and 
after 2 p.m. no squall was experienced which much exceeded 80 miles per hour 
(108 miles using factor 3, C.H.), ftnd during the evening the force became 
moderate." 

Heavy squalls were a characteristic feature of the stonu, and probably 
much of the damage and destruction to buildings on shore and to vessels at 
sea was due largely to this fact. A squall of exceptional violence passed over 
the Metropolis shortly after 6 a.m. on the 22nd. The Astronomer Royal has 
sent mo tracings of the self- registering instruments at Greenwich, reproduced 
on p. 96, which show that this squall passed over the Royal Observatory at 
6.10 a.m. A sudden rise occurred in the barometer of 0-06 in., accompany- 
ing a violent gust of wind of 28 lbs. on the square foot, and a fall of tem- 
perature exceeding 5° in amount. 

The Kew records show the same squall, the instrumental readings giving 
the change at 6.5 a.m. The barometer rose 0'06 in., and the dry bulb 

TABLE III. — Becords op Pbevious Gxleb. Maxiuuu Wind Velocity in Miles 

RECORDED IN ANY SINGLE HoUR. 
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TABLE IV.— Showing the Fall and Rise of the Bapometer during the Gale. 
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iemperature fell 6^*8. At Falmouth a precisely similar squall had oeenrreclat 
4.5 a.m. on the 22nd. The barometer rose about 0*05 in., the dry bulb 
temperature fell 5°, and the wind changed from South-west to West. 

If this was one and the same squall, its rate of travel was about 120 milai 
an hour. The times of occurrence at Eew and Greenwich favour the possi- 
bility of this rapid movement. 

Table UI. (p. 97) gives the greatest force of the wind recorded in sevend 
recent gales. 

The occurrence of the lowest reading of the barometer gives a good index 
of the direction in which the storm travelled. The following are a £bw of 
the best marked minima : — 
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The following notes on the storm have been collated from the returns 
kept by special observers, who from their method of regular observation 
would be likely to give a true estimate of the severity of the storm. 

Scotland. 

Braemar. — Violent hurricane from 9 a.m. to 6 p.m. 22nd. 

Ballinluig. — Heavy wind. Trees blown down. 

Laudale, Argyllshire. — Territic gale overnight, at height from 6.15 t.m. 
till 8 a.m., when wind shifted from South-west to North. Equal not experienced 
Bince 1882. Timher blown down. Barometer began to rise at 6.15 a.m. 

Edinburgh. — Barometer fell to 28-12 ins. at 6 a.m. 22nd. 

Ardkossan. — Strong South-west gale began about 8 p.m. 2l8t. Veering to 
North-west about 4 a.m. 22nd. The maximum wind force 11 in the gusts 
during early part of morning. It abated somewhat just before 2 p.m. The 
gale was exceptionally severe, the wind seemed to come down from above in 
gusts, striking the ground. The average force of 10 was maintained till 
2 p.m. 22nd. 

Cargen, Kirkcudbright. — The gale on the 2l8t and forenoon of the 22nd 
was the most disastrous we have had since the gales of December 1883 and 
January 1884 ; great damage has been done throughout the district, the greatest 
damage taking place between 10 and 11 a.m. on the 22nd, the squalls during 
that period amounting to almost hurricane violence. 

Ladylaw, Hawick. — Severe gale, heavy rain, centre of storm passed at 7.10 
a.m. 

Ireland. 

Carrabtjvgii, Lough Swilly, Donegal. — 6 p.m. 21st, a storm devastated this 
district : it laid down trees, unthatched houses, smashed boats, stripped slates, 
and blew down stone walls in all directions. No such storm has been known 
here by living people. 

KcxKFORT, Buncrana, DONEGAL. — Fearful gale on the night of 21st and 
following morning from South-west veering to North-west, did immense damage 
to shipping oi\ Lough Swilly and to house property. 
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Londonderry. — The rain gauge was blown away out of the garden on 
Saturday morning, 22nd, by the great storm of Friday night and Saturday 
morning. Nearly all the houses at the Waterside and the churches have been 
injured very much, and some partly blown down. 

Edenfel, Ohagh. — No storm since January 1839 has wrought such wide- 
spread havoc to buildings, and especially to plantations, as that of the night of 
Friday, 21 st, and had its period of greatest violence lasted as long as on that 
occasion the damage to life and property would have been appalling. 

Ohagh. — 21st. At 8 p.m. a sale of cyclonic character rose, which increased in 
intensity and became almost a humcane at midnight, and reached its period of 
greatest violence at 2.30 a.m.,22nd., doing immense damage. Wind South-south- 
east to West-north-west. 

Springfield, Belfast.— Most severe storm on the 21st and 22nd. At 8.15 
a.m. of the latter day a hurricane. Much damage done all over the country. 
Will be remembered hereafter as the great storm of 1894. 

Arhagh. — 22nd. Great hurricane from midnight, maximum velocity of wind 
48 miles about 1 a.m. 

Waringstown, Down. — An awful storm on the morning of the 22nd, un- 
equalled since 1839 ; great damage to roofs and buildings, and many trees blown 
down. 

^ Dublin.— -22nd. Violent gale from South-south-west to West-north-west last 
night and this morning. It was an extraordinary tempest, from the suddenness 
of its approach and its awful violence. Force 11 was reached at frequent 
intervals through the night, and some gusts merited the figure 12. 

England. 

^ Newcastle-on-Tyne. — 22nd. Gale this morning, very gusty, average veloc ity 
since about 11 p.m. yesterday equals 60 miles per hour. 

Carlisle. — This was a severe storm. It was a hurricane for 6 or 8 hours, say 
from midnight 21st to 8 a.m. 22nd, then a little easier. 

Durham. — 22nd. A whole gale blowing at times, 782 miles hi 24 hours. 
From 9 a.m. to 8 p.m. it averaged 40 miles per hour. 

Bolton. — For a period of 4 hours the anemometer registered a lateral move 
ment of 60 miles per hour, and as the velocity was very variable, it is probable 
the maximum speed would be 80 miles ; this would represent a maximum 
pressure equal to 82 lbs. per superficial foot. 

Uldale, Cumberland. — The storm of 21st-22nd has done a lot of damage in 
this county, almost every house for miles round has suffered more or less, and 
the consequence is that there are so many demands upon the slaters and masons 
that it will be impossible for weeks to come to make good the damage done. 

Ulpha, Cumberland. — ^The gale on the 22nd was most disastrous, such a 
severe storm, causing so much damage, can hardly be called to mind. 

Windermere, Westmoreland. — The heaviest wind storm of the last 7 
yearn, if at any time. 

Aysgarth, Yorkshire. — ^21 st, between 7 and 8 p.m., wind began to rise from 
South-west with rain. At 9 p.m. it was raining hard and wind was South-west, 
force 7, barometer falling fast. Wind continued to increase, with heavy rain. 
It must have been force 10 by 2 a.m. at the least. About 7 a.m. the storm was 
very severe indeed, one could not put it at less than 12. Most of the damage 
was done at about this time. At 9 a.m. 22nd, it had shifted to West with a 
force of 11 , and the barometer had begun to rise. Rain in night 1'6 in. Various 
damage reported, and a locomotive engine was said to have been capsized at 
Hawes Junction by the wind. 

Douglas, Isle of Man. — The gale of 21st-22nd exceptionally severe, 
causing CTeater damage to buildings generally than any noted during the whole 
course oi observations — upwards of 20 years. 

Stonyhurst. — ^22nd, a violent gale from midnight, wind velocity highest on 
record, maximum 9 a.m. 72 miles. Considerable damage done in surrounding 
district. 

Huddersfield. — ^The gale of the 22nd was very severe, but here I think that 
those of October 14th, 1881, and December 8th, 1886, were certainly worse. 

Llandudno. — South -west 12 at 9 p.m. 21st. 

SopsocK, Worksop. — ^The gale on the 22nd did much damage to timber, 
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buildings, and stacks. For 8 hours, from 9 a.m. to 5 p.m., the average velocity 
of tlie wind was GO'5 miles per hour. 

OxsiiOTT, Leatheriiead. — The highest velocity by Mr. Dines's recording 
anemometer was 56 miles per hour, this occurred in a brief squall at 5.45 a.ra. 
The gale here was not nearly so severe in any respect as that of Decenaber 12th, 
1893. Very little damage was done. 

The Railway disaster to the Manchester Express at Chelford was in a 
great measure attributed to the exceptional violence of the wind. A locomotive 
was reported as capsized by the wind at Hawes Junction, and several tramcars 
were upset in the Midlands. In Arran it is calculated that 40,000 trees 
were blown down by the gale. 

A fcatnre of some interest was the very great distance that the spray was 
carried inland, but this has been especially dealt with by Mr. Symons in 
Si/monss Monthly Meteorolo(jical Matfazine. 

The Secretary of the Marine Department of the Board of Trade courteously 
allowed me access to the official returns, which show that there were 167 
lives lost on our coasts within the limit of the Wreck Charts and there was 
also great loss of life in the North Sea, not included in the above numbers ; 
the total lives lost are those reported up to the morning of January 16th. 

The Secretary of Lloyds, Col. Hozier, states that the 23rd being Sunday 
the Loss Book was not posted on that day. On Monday, the 24th, there 
were 110 casualties posted in the Loss Book, of which a large majority 
were due to the gale. 

The National Lifeboat Institution state that the number of lifeboat 
launches during the gale was 48, the number of lives saved 103, and the 
number of vessels saved 2. 

The Pilot Chart of the Sorth Atlantic Ocean for January gives the track 
of the storm, which shows that it traversed the Atlantic at an enormous 
rapidity. It was first reported on the margin of the Tropics on December 
18th, and on the following day it was to the south of Bermuda. (Plate I., 
fig. 6.) 

In conclusiou, I have to thank the Meteorological Council for having so 
kindly placed the whole of the material in the Meteorological Office at my 
disposal for the preparation of this paper, also Mr. Symons for handing over 
to me all the material relative to the storm which has come into his bands, 
and others who have so readily supplied me with data. 



Note added Maroh 20th, 1896. 

The gale of December 21st-22nd was followed by a very brisk rise of the 
barometer, and readings were for several days abnormally high. At 
Valencia the mercury stood at 80*93 ins. on December 27th, a reading 
which is the highest recorded there with a single exception. This was 
followed by another very severe gale on December 28th and 29th, the wind 
was, however, not so violent as on December 2 1st and 22nd, and the area 
affected was more limited. The maximum wind velocity was 88 miles an 
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hour at Fleetwood, the greatest violence being registered from tlie WePt- 
north-west at 7 a.m. 29th, and 45 miles an hour or above was maint(»med, 
during the afternoon of the 28th and the whole of the 29th. At Alnwick the- -..- 
wind attained a velocity of 69 miles an hour from South-west-by-south ot 
2 p.m. 28th. At Armagh the velocity did not reach 30 miles an hour, and 
at Dublin the maximum velocity was 27 miles an hour. 



DISCUSSION. 

Mr. G. J. Symons referred to a letter from Mr. H. S. Katon enclosing a 
tracing which he had received of the deflections of a plummet suspendefl in a 
room at the t^ummit of the Blackpool Tower (nearly 500 feet) during the 
prevalence of the gale described by Mr. Harding's paper. The observations 
were made by Mr. Ashley and Mr. Bell, and showed that the tower was deflected 
by the strength of the wind to the extent of about 2J inches. Mr. Symons 
further stated that he was in Liverpool when this great gale was blowin*:, and 
could speak as to its intensity by the amount of damage caused by the wind in 
that city. Some ten years ago, during a severe gale in the southern ])art of 
England, the foliage of trees was considerably damaged, and the question arose 
as to whether the injury was caused by the force of the wind twisting the stems 
to which the leaves were attached and so checking the flow of sap, or whether it 
was due to the deposition of salt brought from the sea by the wind. He 
(Mr. Symons) was disposed to consider that the damage was due to incrustation 
of salt upon the leaves, and it was curious to learn that, during the gale of last 
December, unmistakeable evidence was availal)le showing to how great a distanee 
inland the violent wind had carried sea-salt. A gentleman, a chemist, staying 
at Garstang, Lancashire, 10 miles distant from the sea, noticed on the day 
following the gale that the twigs and branches of trees, plants, grass, <^c., ta-ted 
very strongly of salt. A flne drizzle subsequently set in, and some of the drops 
on the branches and twigs of apple trees were collected in a tea-cup, and tlie 
fluid so obtained was found to contain a very large proportion of salt. Half of the 
quantity of salt found was forwarded to him (Mr. Symons), and he sent it to 
Prof. Meldola for analysis, the result being that it was declared to be almost 
identical with sea-salt, the specific gravity of the liquid being nearly double that 
of sea- water. At Huddersfleld, and at other places at a considerable distance 
from the sea, salt had been found upon the window panes facing the direction from 
which the wind blew, and even at a town so distant from the sea as Birmingham 
was, depositions of salt had been discovered. 

Admiral J. P. Maclear pointed out that the high velocities mentioned in 
the paper exceeded by 50 percent, that given for a hurricane or typhoon in the 
Beaufort scale of wind force. He had experienced very severe typhoons in the 
China seas, and from what he had read concerning the gale on December 22nd, 
he did not consider that the force on that occasion was anything like the violence 
of a typhoon. 

Pkof. J. K. Laugiiton remarked that, so far as he was aware, the extreme 
velocity of the wind in a tropical hurricane had never been measured : that 
commonlv tabulated was merely an estimate, which, in view of actual measure- 
ments of storms of less intensity, must be considered much too small. 

Mr. 'SV, H. D1NE8 agreed with Mr. Harding in thinking it better to (piote 
wind velocities obtained by using the factor 3, rather than to make the present 
micertainty still worse by giving the correct values, but it would be a ^n-eat 
advantage if he (Mr. Harding) would state in his paper which stations had 
anemometers differing from the Kcw pattern. Recently he, Mr. Dines, had 
discovered that small cups and arms were in use at the Scilly Isles, and this had 
explained what had long been a puzzle to him, namely the comparatively low 
velocities recorded there. The record at Fleetwood, wliich, wlien corrected, gave 
a velocity of nearly 80 miles an hour, was niost remarkable, and it seemed a 
wonder that any buildings were left. At Mauritiun, Dr. Meldrum had noteil a 
velocity of 105 miles per hour, lasting for Ave minutes, and in this instance half 
the town was destroyed, whereas 107 miles per hour lasting for an hour, and 
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100 ffiil^ *ahJQUiD«<l f'^^ f-xir boon, bftd doB« eosparatiTelj little dammg 
Uovcid^thcdiicrepasfvbc u^^oai^ for? Thrre was one other point he abon] 
likv.Vi m<nit:<>a. Tb« brMIt-l aattaimrUr mnd hii tube anemometer had be« 
ctViVnud fya a vhiriise machiot. acd ibe velicitiet reeorded bv them wei 
.«WjI^«It in>]«p»a'Je(it of xii* factor c^ the Bobinion inctnunent. tie wiahed I 
'.^{^4 thii fart mott emphatieallr, iiDce the mixing up of the two instmmeni 
I'.h'd to tnDcb miMrrQceptioo. M maeh to. that one gentleman in America hi 
- written Vi a«k him what factor he had ued when calibranng the tat 
aoeino<net«r. 



THUNDERSTORM AND SQUALL OF JANUARY 23rd, 189E 

Bt WILLIAM UABRIOTT, F.R.Met.8oe. 



Caead Febniaiy Wth, 1895.] 

Shobtlt before 10 a.m. on January 23rd, Loodoners were startled by 
sharp thandersUtrm and heavy squall, which passed rapidly acrx>88 th 
Metropolis. 

This sqnall was associated with a small depression, or' secondary distoi 
bance, which passed across the coontry in a sonth- south -easterly directioi 
The nrst reported notice of thunder is from Leeds, where it was heard aboL 
6 a.m. From this time there appears to have been a sacceasioQ of thnndei 
storms all along the route, the last reported notice of thnnder being froi 
CrowUorongb Beacon, in Sussex, at 10-25 a.m. 

The first sign of anything unusual occurring was the intense darkness on 
thick fog, which came on suddenly, and these were followed immediately b 
lightning and thunder, and a heavy shower of hail ; the wind also rising olmot 
instantaneously to a gale. Damage by liglitning occnrred at Kettering an 
Oundle, and also at several places in and around London. Mr. Phillpot 
one of my assistants, states that when passing down Waterloo Place at 9-6 
a.m. the lightning seemed to run along the side of the Duke of York's statui 
and that he heard a policomiui say to a comrade that he heard a crackis 
sound proceed from the column. 

The barograph traces shon a rise or jump of -OS inch, and the anemt 
graph curves indicntc a simultaneous change in the direction of the win 
from West to North. 

At tlie Meteorological Office in Victoria Street, Westminster, the Dine: 
pressure tube anemograph sheet shows that the force of the wind roi 
almost at a bound from nearly a calm to a velocity of 36 miles an hour ; ar 
Mr. Diuos's own anemograph at Oishott recorded a similar gost of a velocil 
of HO miles an hour. 

Ttio thermograph records show that there was also a sudden fall of I 
in temperature. 
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The sqnall lasted abont a qaarler of an hour, and boou a^r the snn Bhoue 
bright!;, although the wind oontinned high for the greater part of the day. 

The rate of travel of the disturbance waa aboat 47 miles an hour. 

The ABtronomer Boyal has kindly furnished me with a copy of the Bimul- 
taneouB changea of the barometer, dry and wet bulb thermometers, and 
the direction and pressnre of the wind, at the Boyal Observatory, Greenwich. 
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These are leprodnced in Fig. 1. The barometer is 1S9 feet above sea- 
levet. It happened that the electrometer was switched to earth for its 2oro 
determination at the time of the sqnall, so that the indications of that 
iastmrneot are not aviulable for that time. 
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Mr. J. Bartlctt has supplied the following account of destruction of trees 
at Bramloy, near Guildford : — 

*' A Huow blizzard of great intensity, but of short duration — little more 
than ten minutes — occurred here about 10.30 a.m. on January 23rd, the 
snow falling copiously while it lasted, and the force of the wind being, as I 
judge, rather over, than under, 9 of the Beaufort scale. 

** Before noon on that day the Hon. H. Cubitt, M.P., of Birtley House, 
Bramley, knowing my interest in such matters, called and invited me to 
go and see the devastation of trees on his property, about half a mile distant 
from my house. He pointed out more than a dozen trees, some of large 
size, laid prostrate within a length of about 850 yards. Subsequently I 
heard of other like damage on his property near at hand, and also in 
Wonersh Park, belonging to Mrs. Sudbury. The total number of trees 
blown down, or, in two cases, seriously truncated, amounts to 28, some of 
great size, aud within a length of 18G0 yards. Mr. Cubitt was out with 
his gun, attended by his gamekeeper, in the open a few yards from the 
spot where five spruces were prostrated, the keeper being under cover 
near those trees. The fonncr states that he had to run hard to the 
plantation in order to avoid being blown oft' his legs by the wind ; and 
a man at work on a new building near at hand told me that he had to 
lie down to escape beuig blown from the scaffolding. On the other hand, 
an intelligent labourer told me that he was working with others at the 
time on Hurst Hill, in the open, some 500 yards to the westward, and 
that, although they heard the loud roar of the blast below, they felt 
comparatively little of it. 

** Hearing the next day of considerable damage at Wonersh, I went 
thither, and was courteously shown by yoimg Mr. Sudbury over the 
scene of destruction on that property. The four trees near Wonersh 
church, close to the Park, are at the very south-east foot of the considerable 
elevation of Chinthurst Hill. It would appear to me that the blast may 
have swept round each side of this hill, and joined forces again in the Park. 
A number of trees standing isolated on the summit of Chinthurst were un- 
injured. 

*' After careful inquiry, I can hear of no damage, other than what I 
have named, elsewhere in this vicinity, and Admiral Maclear informs me that 
nothing abnormal occurred at Cranleigh, 5 miles to the southward, beyond 
a very sharp outburst of wind, hail, and sloot. Thus the whole devastation 
was limited to a lino of a little more than a mile in length.'* 

l\Jr. Gaster has been kind enough to redraw for me the Weather 
Chart for 8 a.m. on the *28rd (Fig. 2). This shows that a depression 
passed over the Shetland Isles during tlio niglit of the 22nd, and that it 
had reacluid Denmark by 8 a.m. on the 23r(l. The isobars at the latter 
time ran nearly north and south over the British Isles, and were somewhat 
close together, indicating the prevalence of strong Northerly or North- 
westerly winds. An irregularity in the direction of the wind and in one 
of the isobai-s is shown over the Midlands, and this agrees preciselv with 
the position of the thunderstorm at that hour. 
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This particular storm may be dasBed undor the head of " line " thunder- 
Btorms, as defined in my "Report on the Tbuuderstorms of 18B8 and 
1889," and is similar to the storms of May 18th-ldth, 1888, and June 2nd, 
1889, which I have already had the honour of bringing to the notice of 
the Society. In these latter cases a scries of thunderstorms were tracked 
across England in a direct line from south to north for over 100 miles, the 
rate of prt^ression being SO miles an honr. 




The storm of JaDuary 23rd, 1805, however travelled in a south- sea th-east 
direction, the rate of progression being H miles iin hour. In nil these cases 
the thanderstorm disttirbnuecs were to the rj<^ht of the mnin doprcsNion. 

Mrs. H. H. Vinter has sent mo the folhuviiifr estiacts fr„m thf (iiiilUmans 
Magazine for 3 767 of a tbunder&totm which was followed {as was that of 
1895) by a severe frost :— 

Editiborsb, Jan. 8. 

Last nif,'bt we had a most remarkable Ktonii of liglitniiij; - attcuded with 
thunder, whicli continued from 9 in the eveniii;,' till iriiiriiiiii;. 

Whitby, Jiin. 4. 

On Thursday nielli ivo had iiere a most violent storm of ivind and hail, 
coming from the NE, and blowing rii;lit into our harbour, ennsiii;; the tide to 
rise near three feet perpendicularly liigher than the oldest man living can 
remember. 
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Newcastle, Jan. 10. 
Last Friday and Satardaj we had a great fidl of snow, with li^tning and 
thunder. 

Thursday, 8. 
The snow was so deep thronghont the whole Kingdom that the like has not 
been remembered by the oldest man hring. . . . The post-boys have been 
bewildered, and some frozen to death. 

Taeaday, 18. 
The principal part of the flonr destined for the ampply of the London Market 
was on board barges and other vessels, which conld not come down on aoooont 
of the communication by water being stopt by the frost. 

FHday, 16. 
The post-boy who carried the mail from Bradford to Rochdale was with his 
horse frozen to death. 

Mr. C. Harding has abo called my attention to an aeeonnt of a 
thunderstorm which occurred at the Royal Obserratory, Greenwich, on 
January 8rd, 1841. 

Li the Greenwich Observations for that year there is the following note :^> 
" From accounts received from various places, it appears that this 
was a travelling storm, passing from north to south, at the rate of 60 miles 
an hour, and it was nearly 100 miles in breadth ; its time of continuance 
at each place was nearly the same, and in every place it was preceded by a 
gale of wind, and accompanied with a heavy fall of rain, hail, and snow.'* 



Note, Mabch 5th. 

At the Meeting of the French Meteorological Society on Fehruary 5th, 
M. Renou stated that at Pare- de- Saint- Maur, Paris, on January 2drd, two 
claps of thunder were heard to the north-west a little before 8 p.m. At 
Venddme thunder was heard several times the same day ; and at Ch&teaudun 
a church was struck by lightning. 



DISCUSSION. 

Dr. VON BicHE Pbelleb observed that, having lately had to investigate, as 
Electrical Engineer, the effects of atmospheric electricity or lightning di^harges 
in relation to electrical installations in various countries, he had also been led 
to inquire into the frequency of thunderstorms accompanied by lightning 
discharges both in the British Isles and in various parts of the Continent. 
Through the courtesy of Mr. Scott and Mr. Marriott, he had been able to 
examine the statistics of the last fifteen years ; but he found that these statistics, 
valuable and excellent as they were per se^ either referred only to partictdar 
storms, years, or isolated periods, or that they were annually compiled on principles 
which varied in every country, so that any attempt at comparing the frequency 
of such phenomena in any two countries gave a more or less negative result. 
The Royal Meteorological Society or the Meteorological Office would therefore 
render a Hi^al service not only to meteorological, but to physical and electrical, 
science if, at the next International Congress, they would promote the adoption 
of a uniform international system of taking observations and compiling o-nn nftl 
statistics of such phenomena. And in this connection, he might say that he 
thought the system adopted by Mr. Marriott in his valuable statistics of thunder- 
storms in England 1888 and 1889, T which is also the Swiss system,) viz. of 
recording the number of days on which such phenomena occurred, was at once 
more simple and more rational than, e.g. Signer Ciro Ferrari's plan of comput- 



bisOX^SION ^rmJNDEBSTORM AND SQUALL OF JANUABY 28rD, 1895. l07 

ing the percentage of thunderstorms in each district or province of any given 
country. 

The other point to which Dr. Preller wished to refer related to thunderstorms 
and lightning discharges more especially in England. From the statistics and 
a great many isolated notices he had examined, he arrived at the conclusion 
that in England there were, broadly speaking, two lines or areas of greatest 
frequency of lightning discharges such as accompanied the thunderstorms of 
1888, 1889, and 1892, to wit, one from London in the direction of Bristol, viz. 
east to west or vice versa, and the other from south to north or vice versa, 
through the western rather than the eastern parts of the country, and extending, 
probably, also along the western counties and coast of Scotland. These two lines, 
and notably the one east to west, coincided remarkably with the Unes or areas of 
magnetic attraction on the north pole of the compass needle as determined by the 
surveys of Prof. Bucker and Prof. Thorpe, and explained by the former in a lecture 
recently delivered before the Royal Geographical Society. The coincidence of 
these Hues, which, moreover, agreed with the general trends of the coal 
measures, was sufficiently striking, and Dr. Preller thought he might claim to 
have been the first to point it out on this occasion. He wished it to be 
understood that this coincidence applied, not necessarily to the path of all 
thunderstorms, which was determined by various other causes, but to the pre- 
valence of lightning discharges along the two lines he had indicated. 

Mr. J. Babtlett said that when investigating the damage done to the trees 
at Bramley, he was much struck by the isolation of the area, no other damage 
appearing to have been done in the neighbourhood. As a result of a letter 
inserted in the local paper asking for information concerning any damage at 
other places, he had received but one reply, from a gentleman at Sutton 
Green, Worplesdon, 8 miles north-west of Bramley, from which it appeared 
that a cart shed and barn were partially destroyed and some trees blown down 
at that spot. 

Dr. A. BucHAN said that he was in Clarendon Street, Pimlico, when the 
storm and squall discussed by Mr. Marriott occurred, and he believed that the 
interval between the thimder and lightning was less than one second. The 
darkness was intense, although the lower air stratum was clear, as windows 
opposite were distictly seen, but the roof of a three-story house was barely dis- 
cernible. He had noticed in Edinburgh when a change of wind was coming on 
that darkness gathered in a certain part of the sky, which assumed a 
tawny hue, while the opposite portion of sky was clear and of an opalescent 
appearance. The thunderstorm and squall of January 2drd belonged, he 
believed, to the type of atmospheric disturbance which the Americans designate 
by the term ** tornado.** The whole phenomenon appeared to be due to the 
meeting of two air currents of different temperature and humidity. 

Mr. F. C. Batakd inquired if it was correct to assume that a thunderstorm 
was to be always expected on the right-hand side of the track of an area of low 
pressure. 

Dr. A. BucHAN remarked that the satellite cyclone in which the thunder- 
storm is bound up is always on the right-hand side, and most generally to the 
south-south-eastwards of the main cyclone. 

Mr. G. J. Stmons said, that he believed that Northamptonshire was a 
county where lightning discharges were frequent: Oimdle church had been 
repeatedly struck. The counties of Devon and Cornwall were generally exempt 
from damage by lightning, and he was inclined to think that the nature of the 
soil played some part in locating the areas of injury. The short time interval 
between the lightning and thunder in the storm of January 2drd was very 
remarkable, and appeared to be a particular feature of winter thunderstorms. 
At Camden Square the observations showed that the lightning discharges took 
place within half a mile, and the storm must therefore have been quite low in 
the atmosphere. He believed that winter thunderstorms were proportionately 
more destructive than those which occur in simimer. 

' Mr. H. S. Wallis said that he had been struck by the fact that nearly 
everyone who described the storm spoke of the nearness of the lightning. At 
Camden Square onlv five flashes were seen and five peals of thunder heard, 
and the time interval showed them all to be within a distance of about a mile ; 
he understood Dr. Buchan to say that he, at Westminster, saw only three 
fashes, all of which he estimated to be within a mile of him. It was therefore 
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evident tliat the flashes seen at Camden Square were invisible to Dr. Buchan, 
and the riaslies seen at Westminster invisible and inaudible at Caniden 
Square. It would appear tliat in tliis storm lij^htninj^ could not be seen or 
thunder heard at a distance nnich exceedin;^ a nule ; and he thought that the 
two strata of air of vorv different temperature and humidity, mentioned by 
Dr. Buchan as causin*^ the darkness, would account for this. 

Mr. H. S. ILvTON remarked that he was in Kfusington when the storm 
occurred, and noticed that its arrival was preceded by the appearance of 
cumulo-stratus clouds such as are associated with suniiner thunderstorms. 

Mr. W. Marriott, in reply, said that thunderstorms travelled with the wind 
along the isobaric lines. In the case of the storm of January 2drd the area 
of low pressure was in the east, and the thunderstonu travelled down the 
western side of it, following tlie direction of the isobars. He was not aware 
of any relation between the distribution of thimderstorms and the lines of 
terrestrial magnetism. Thunderstorm disturbances were regulated by the 
distribution of atmosplieric pressure, and were most fre(iuent over low lyin^f 
districts, often following tlio course of riviT valleys. The short time interval 
between the thunder and lightning, which was so noticeable a feature of 
the storm of January '2Jh-d, was due to its low altitude in the atmosphere. 
Air temperature was also low, so the storm would not require to be very high 
in the atmosphere to «rive tlie decrement of temp(»raturo necessary for the 
formation of the luiil which fell ; sunnner thunderstorms were usually of 
greater altitude. He believed with J >r. Buchan that this thimderstorin was of 
the tornado type, and the sudden outburst of wind accompanying it appeared 
to support that view. 



ON SOME GRADUAL WEATHER CHANGES IN CERTAIN MONTHS AT 

GREENWICH AND GENEVA. 

By ALEX. B. MacDOWALL, M.A., F.R.Met.Soc. 

(Plate 2. ) 



Ticcoivca D.cenibcr otlj, 18'.)!. — Read February 20th, 189.').] 

The variations, from year to year in a long series, of a given meteoro- 
logical element, say, temperature, of the year or a part of it, are seldom 
long in the same diroctiim (increase or decrease), and tlio curve representing 
such changes exhibits uiany zig/.ags. Wo may perceive, hero and there, 
a distinct jnvijoiideraui'o of higlKn- values, an-i at o:lior points of lower ; 
and may acirordingly piclnro to ourselves a sjries of longer waves, like an 
ocean swell which may he more? or le^s obscun^d hy the minor waves and 
ripples. Such longer waves may he ren-lere.l more evident hy nielhods of 
smoothing or averaging ; a curve being drawn in which each year point 
represents, not the actual value for that year, but the average of B, or 5, 
or 7, or other number of yearly values. 

It seems to me that a systematic inve^Jtigatiou of the weather data of 
each nu)nth in this way, so as to bring into prominence the longer waves of 
variation, is calcula'ed to yield many interesting results. Having done a 
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good deal of work of this kind, I havo thought the following examples (of 
method and results) might be not without interest to the Society. 

The features of weather considered are temperature, frost days, and rain 
days. It seemed desirabL* to make a comparison of Greonwich with some 
other European station, and I have selected Geneva ; using the excellent 
record of the Observatory there, as communicated annually to the Archives 
des Scioices, along with M. Phmtamour's Xoiivcllfs Ktades, which summarise 
the figures from 1826 to 1875. For frost days at Greenwich I have 
utilised a table by Mr. C. Harding in the Qunrterly Jomnrtl (1891, p. 113). 

A considerable amount of similarity is usually found between corres- 
ponding smooth curves for Greenwich and Geneva, though either set presents» 
of course, some distinctive features. 

We may begin with the temperature variations of Fehruari/. The numbers 
of frost days in February at Greenwich since 1842, having been smoothed 
by means of averages of five, we obtain the dotted line curve in the first 
diagram* (Plate 2). The same smoothing process has been applied to those 
averages, giving the continuous curve. Thoso curves are inverted^ the lower 
parts representing the higher values. 

Taking the twice smoothed curve (as wo may call it) we note three long 
waves, culminating in 1850, in 18G9 (19 years' interval), and in 1882 
(13 years), mild Februaries preponderating at those points ; while the lowest 
points are at 1855, 1874 (19 years), and in 1888 (14 years) , cold Februaries 
preponderating. 

Below are shown twice smoothed curves { alone) of frost days and mean 
temperature in February at Geneva since 1820 (the former curve being 
inverted). Here the recurrence of the same phases becomes somewhat more 
regular; the wave crests (at 1834, 1849, 18G7, k 1883) showing an average 
interval of 16*3 years. 

It is rather apart from my object in these remarks to suggest the ex- 
istence of cycles ; I have wished merely to present a picture of the actual 
variations in a given time. Nevertheless, this regularity may be pointed 
oat as interesting. 

The maxima and minima values of the 5 -average in the case of Greon- 
wich frost days may here be given. 

The highest are as follows (in order of years) : 

1845. 1856. 1875. 1888. 

14-4 14-4 13-2 16-0 

and the lowest : 

1850. 1869. 1883. 

(j'(S 5-4 5-8 

The range is thus between 5-4 in 1869 and 16'6 in 1888 (difference 11-2). 

The case of January is presented in Fig. 2. The upper curve is a twice 

smoothed one of mean temperature at Geneva, while the second gives frost 

1 The vertical icale in these diagrams is varied according to convenience. 
Small letters (a, b, o,) indicate tho vertical scale of each carve. 
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days at Greenwich (inverted) ; both the once-smoothed carve (dotted line) 
and the twice smoothed (continuous line). 

Two features may here be noted : first, a curious recurrence in both euryes 
at about 10 years interval (on an average). The Geneva curve has wave 
crests in 1885, 1848, 1858, 1866, 1875, and 1884 ; and the waves of the 
Greenwich curve are in fair agreement as to phase, while differing from each 
other in magnitude (low minima alternating, in the period considered, with 
high ones). Secondly, a gradual rise and fall in the Geneva curve, sugges- 
tive of a much longer wave, of which those 67 years apparently present only 
a part. 

The variation of the 5 -average for Greenwich is from 7*8 (in 1858) and 
7-6 (in 1874) to 16-4 (in 1848), and 17*4 (in 1880), extreme difference 9-8. 

Let us now turn to consider the cold of November, A pair of inverted 
curves is given in Fig. 8, made from the number of frost days in that month 
since 1841 ; the dotted line curve, as before, from a first smoothing (with 
5 -averages), and the continuous curve from a second. These seem to 
indicate a change of character in November. Since about 1860 it has on 
the whole become milder. Thus the 5-average of frost days in that year was 
9*6. It has never been so high since, and in 1890 it was only 8'8. Curves 
of mean temperature give a corresponding result. 

The Geneva curve of frost days (not given) also shows a (all, but of 
shorter extent. 

These facts have, I think, a bearing on the subject of fog, which is known 
to be closely related to temperature. The statistics we have of fogs may 
be said to be somewhat * foggy,' owing, it would seem, to some uncertainty 
as to what should bo called a fog. We used to hear a good deal about 
November fogs, as if that month were the worst offender. This notion, 
however, appears to be exploded. According to Scott, Symons, and 
Brodie, who have each discussed the subject in recent years, November takes 
a place after December, January, and even October. Now Symons and 
Brodie deal with 20 years (from 1871), and Scott with 15 years (from 1876) ; 
and I would here submit that if we went a little further back than 1871 we 
should probably find a larger number of fogs in November, corresponding to 
the greater cold. Some time ago I went through the Registrar Generals 
Weekly Return from 1858 to 1888, noting the cases in which fog was men- 
tioned in the weather tables ; and the result gave November the highest 
place, though December came very close to it. And in the first half of 
that period of 31 years, the number of fog days was considerably greater 
(more than a third) than in the second half. Even if such an improvement 
in November has really taken place, I am afraid it would be vain to count on 
its permanency. 

Another topic I propose to consider is, the number of rain days in the 
three mouths, May, July and November, The method here adopted is 
different, the figures being all smoothed with averages of 9.* On one side 

1 It may be stated that the method of twice Bmoothing with averages of 5 gives corves 
having in general the same features, 
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of Fig. 4 is shown the result in the case of Greenwich (from 1815), and on 
the other in the case of Geneva (from 1826). 

There are some curious relations between these curves, to which attention 
is invited. And first, it is interesting, I think, to find these three Greenwich 
curves resembling each other so much. Thus, a low point is reached in 
each, about the end of the twenties or beginning of the next decade, then 
there is a rise to high values in the fifties ; another minimum is reached 
in the sixties, and there is a general rise since. Further, it may be noted 
that two of the Geneva curves. May and July, have features similar to those 
just described, indicating that the influence to which such changes are due 
is not of a purely local character. 

Again, the November curve, for Geneva, diverges from the common type, 
and presents evident differences from the November curve for Greenwich. 
Thus, the maximum of 1852, in the latter, is unrepresented ; and from a 
minimum in 1847 there is, one may say, a long gradual rise throughout the 
remainder of the period. 

Of the three months, July and November show the closer similarity in 
Greenwich ; while May and July are more like each other in the case of 
Geneva. At Greenwich the number of rain days in November has risen 
since 1860 along with the temperature. Once more, the intervals appear to 
suggest Briickner's 85 years period. According to his view, 1815, 1850, 
and 1880 are iupproximately centres of cold and wet periods, while 1880 and 
1860 are centres of warm and dry periods. 

I will conclude with two well-marked examples of long gradual changes 
in the character of months. One is that of the mean temperature of July in 
Geneva ; the other the mean temperature of April at both stations. 

The July mean temperature curve for Geneva (in which the actual values 
are simply smoothed with averages of 5) is given in Fig. 5. Note the long 
gradual ascent from a value of 62°-2 in 1842 to one of 68°-9 in 1872. 
The corresponding curve for Greenwich (dotted line curve, with distinct scale) 
is somewhat different, with a low point reached in 1862. 

With regard to April (Fig. 6), it will be observed that long changes of 
rise and fall have been in progress. For example, the Greenwich curve falls 
with Httle interruption from 51°-0 in 1867 to 46°-0 in 1890 ;^ that of 
Geneva from 61°-2 in 1864 to 46°-6 in 1890. 

Some interesting questions seem to arise out of the facts that have been 
presented. 

One is as to the extent of the earth's surface over which those and 
other changes may be observed. Are they traceable over the whole of 
Europe, and on other Continents ? A knowledge of their extent might 
materially affect our ideas on another question, that viz. as to their cause 
or causes. Why should our weather at a particular part of the year become 
in a long series of years gradually colder, wetter, &c. ? The 85 years' period 

^ The valnes of mean temperature here need are those given in a recent table b^ 
Pr. Bachan in the Scottish Meteorolo^cal Society's Journal [S Ser. No. 9}, 
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(with which I have supposed some of those changes to be possibly connected), 
has been comprehensively studied by Briickner ; but he does not appear 
to have obtained any light as to its causation. 

Finally, it may fairly, I think, be considered whether those changes in 
the past do not afford some clues as to the future (in a general way). From 
a regular recurrence like that of Geneva frost days in February, might 
not a * working hypothesis ' be formed as to approaching waves of cold ? 
Tlie position now attained by such a curve as that of the November rain 
days seems to warrant us in expecting an early descent of the curve, &c. 

To these, among other problems, I venture to invite the Society's 
attention. 



REPORT ON THE 

PHENOLOGICAL OBSERVATIONS 

FOR 1894. 

By EDWARD MAWLEY, F.R.Met.Soc, F.R.H.S. 



[Read February 20tb, 1895.] 

Returns were received from 118 observers in 1894, or from four less than 
in the previous year. The distribution of the observing stations has 
however, somewhat improved, as there are now four observers in Ireland 
South instead of two, nine in Ireland North instead of six, and eight in 
England North-east instead of seven. For the new observers in Ireland 
the Society is indebted to the courtesy of the Editor of the Irish 
Xaturalist, who inserted a letter from me in that Journal asking for new 
observers, with an editorial footnote requesting his readers to comply with 
my request. 

The changes in the observing stations since the last Report was issued 
have been as follows : — No returns were sent in from Liskeard and West 
Bagborough in District A. ; Wicklow in District B. ; Bidborough, Lynsted, 
Bickley, Willinghurst, Croydon, Farley and Salisbury in District O- ; 
Broxboume, Walsall, Eaton and Bakewell in District D. ; Wryde in 
District E. *, Heswell in District F. ; and Driffield in District L. On the other 
hand new stations have been started at Barnstaple in District A. ; Ferns, 
Woodenbridge and Greystones in District B. ; Whitchurch Canonicorom 
and Bere Regis in District C. ; Hatfield in District E. ; Ellesmere in 
District F. ; Westport, Ballymena and Ramelton in District Q. ; and Great 
Cotes and Lilliesloaf in District I. 

Most of the districts into which the British Isles are divided are 
moderately well represented, but new observers are still very much wanted in 
Ireland South and Scotland North and East. 
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At most of the stations the obseryations seem to have been made with 
considerable care, and in many cases the observers appear to take a keen 
interest in their work and endeavour to make their returns as complete and 
satisfactory as possible. Of the present staff about three-fourths of their 
number have sent in returns throughout the four years that the present 
system of observations has been adopted — most of these having from the 
commencement been among the Society's most trustworthy observers. 

Table I. will show how satisfactory, on the whole, have been the returns 
sent in during the four years. 

TABLE I. — Mean Bbsults, with thbib variations from thb adopted avbbage, fob the 
1 3 Plants in all the Distbiots whebe thbrb have been sufficient Obsebvbbs to 
wabbant oompabisons beino made. 
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The Winter of 1893-4. 

December was a mild winter month in all the districts, the departures 
from the average in mean temperature ranging from +1^*B in England 
South to +4^*0 in Scotland West and East. The first week or ten days in 
January proved very cold, especially in the Midlands, Ireland North, and 
Scotland East, but after this time unseasonably warm weather prevailed 
until the end of the month. With the exception of one week towards its 
close, when moderate frosts were experienced in most districts, the February 
temperatures were uniformly high. Taking the quarter as a whole the fail 
of rain in many parts of the British Isles was more or less in excess of the 
average. The record of sunshine, at all but the Scotch stations, also 
exceeded the mean. 

The winter of 1898-4 was entered upon by farm and garden crops under 
very favourable circumstances. The soil, owing to the beneficial effects of 
the warm and dry summer of 1898 and the scanty vegetation of that year, 
was in a very fertile condition. The autumn sown cereals were sturdy and 
well-rooted, and thus well fitted to withstand any severe weather they 
might be called upon to encounter during the next three or four months. 
Fruit and other flowering trees and shrubs were furnished with exceptionally 
well ripened shoots, but on dry soils were in many cases still feeling the 
effects of the recent droughts. Early in January there occurred a brief but 
very keen frost, which appears to have been most severely felt in parts 
of Ireland and Scotland, where in many places evergreen shrubs were 
much crippled, and in some instances killed outright. In the neighbourhood 
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of Cork large areas of broccoli, growing in the market gardens, were com- 
pletely destroyed. In the north Midlands also this frost, being preceded 
by cutting North-easterly winds, did much damage to shrubs and vegetables. 
But taking the country generally, little permanent harm was done to 
vegetation by this short spell of cold weather. No sooner was it at an end 
than a return to milder conditions took place, and although another cold week 
occurred in February the crops generally continued to make steady progress 
during the remainder of the season. 

The hazel came into flower rather earlier than usual in the southern half 
of the Kingdom, but was late in the northern counties of England and in the 
west of Scotland. The flowering of the coltsfoot was also backward in the 
north, but about average in the warmer districts. 

The song-thrush was hoard at earlier dates than in either of the three 
previous years. The honey-bee first visited flowers at about the same time 
as in 1891 and 1893, but decidedly earlier than in 1892. 

2'he Spting, 

Throughout the whole of the British Isles both March and April were very 
warm months, but during May the weather became colder, and at the end of 
the third week there occurred on two successive nights frosts of exceptional 
severity for so late in the spring. March and April taken together had a 
deficient rainfall in all but the Irish districts, whereas in May the total M 
was almost everywhere rather in excess of the mean. The first spring 
month proved in all parts one of brilliant sunshine, while April was also 
more sunny than usual ; but during May, with the exception of Scotland 
East and North, where the weather continued bright, there was a deficiency 
of clear sunshine. 

Farmers were enabled to work their land and prepare it for spring com and 
roots under very favourable conditions, as the soil remained not only dry and 
friable, but also during a great part of the season unusually warm. The 
autumn sown cereals and grass also made good growth. In the gardens, 
until after the middle of May, the prospect of an exceptionally bountiful crop 
of fruit never perhaps before appeared so certain of realisation ; for the trees 
and bushes were not only provided with young wood splendidly matured, but 
were heavily laden with fine healthy blossoms. 

Unfortunately, on May 21st and 22nd there occurred two severe frosts, 
followed by keen North-easterly winds, which at once changed these brilliant 
prospects. The havoc committed among the fruit blossoms appears to 
have been very general, apples and strawberries being the greatest suffer- 
ers. No district entirely escaped this frost, and this was perhaps the most 
remarkable feature of it. Then again, although visiting nearly all parts of 
the kingdom, it is surprising how greatly the injuries resulting from it varied 
even within short distances, and how some localities were altogether un- 
touched by it. Beyond giving a temporary check to their growth, this 
winterly weather did but little injury to the corn and grass. Potatoes, how- 
ever, suffered severely in all parts of the country, and in the localities most 
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seriously affected beans, peas, and turnips and other like crops were also in- 
jured ; while the oaks, ashes, horsechestnuts, and other trees had their 
young foliage entirely destroyed. By some observers the principal damage 
done to foliage and blossoms is attributed to the wind, while others say that 
it only affected trees, &o, situated in low-lying positions. Others again 
attribute it to the leaves and flowers being wet on one of the frosty nights, 
and some to the sun shining upon them when in a frozen condition. No 
doubt in many cases it was not the degree of cold alone, but one or more of 
the above influences combined with it, which caused the damage done to be 
greater than it otherwise would have been. Besides which, the cold winds 
which followed the frost must have greatly increased the injuries it inflicted, 
Taking the means of all the extreme minima at the Meteorological Office 
stations for the different districts during the May frost, and beginning with 
those which come out with lowest temperatures, they arrange themselves as 
follows: — Scotland East (J.), Scotland North (K.)i England Midlands (D.), 
Scotland West (H.)f England North-east (I.), Ireland North (Q.), England 
East (E.)i England North-west (P.), England South-west (A.), Ireland South 
(B.), and England South (0.) ; the means ranging from 28^*5 in Scotland 
East to d4''-6 in England South. 

The wood anemone came into blossom from ten days to three weeks late. 
But the flowering of all the spring plants after this, until the third week in 
May, took place decidedly early, and in some cases earlier even than in 
1898. For instance, the blackthorn was in bloom from a week to ten days 
in advance of the mean in most parts of the country ; garlic hedge mustard 
ten days to a fortnight, and the horsechestnut and hawthorn from a 
fortnight to three weeks earlier than usual ; whereas the white ox-eye, which 
flowered after the middle of May and in the beginning of June, varied from 
about average to less than a week early in the first six districts, and was 
from a week to three weeks late in the more northern ones. 

The spring migrants made their appearance in this country as a rule in 
advance of their usual time : — The swallow at an earlier date than in cither 
of the three preceding years, except 1898 ; the cuckoo four days earlier than 
in the previous spring, and nearly a fortnight earlier than in either 1891 or 
1892. The dates for the nightingale and flycatcher are also very early ones. 

As in 1898, wasps and the small white butterfly were first seen unusually 
early in the year, but the orange tip butterfly, although also early, made its 
appearance somewhat later than in the previous year. 

The Summer. 

With the exception of the last week June was a cold summer month. 
July began with a hot week, and there was a little warm weather at its 
close, but during the rest of the month the temperature remained below 
the average, while August proved cold throughout. Taking the summer 
as a whole, the temperature was below the average in every district except 
Scotland North, where the July mean compared with average comes out as 
-|-2^'8. Ip nearly all parts of the Kingdom the summer was a wet one, 
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TABLE II.— LIST OF OBSEBYBBS. 



Station. 


County. 


Height above 
sea-level. 


Observer. 


A. 




Ft. 




I Marazion 


Cornwall 


40 


F. W. Millett 


2 Mawnan Smith 


Cornwall 


200 


Miss B. Barclay 


3 Falmouth 


Cornwall 


190 


Miss Willmore 


4 Tiverton 


Devon 


270 


Miss M. E. Gill 


5 Westward Ho 


Devon 


100 


H. A. Evans 


6 Instow 


Devon 


250 


H. M. W. Hinohliff 


7 Barnstaple 


Devon 


20 


T. Wainwright 


8 Sidoot 


Somerset 


200 


I W. F. Miller 
C. B. Bowntree 


9 Long Asbton 


Gloucester 


280 


Miss H. Dawe 


lo Clifton 


Gloucester 


300 


G. C. Griffiths. F.E.S. 


II Penarth 


Glamorgan 


120 


G. A. Birkenhead 


12 Cardiff 


Glamorgan 


40 


A. Pettigrew 


13 Castleton 


Glamorgan 


80 


F. G. Evans. F.B.Met.Soo. 


14 Bassaleg 


Monmouth 


as 


W. J. Grant 


1 5 St. Arvan*8 


Monmouth 


360 


Miss M. Poake 


16 St. David*B 


Pembroke 


220 


W. P. Propert, LL.D.. F.B.Met.g 


17 Aberystwith 

B. 

18 Eillamey 


Cardigan 


30 


J. H. Salter, B.Sc. 


Kerry 


100 


Yen. Archdeacon Wynne 


19 Ferns 


Wexford 


260 


G. E. J. Greene, D.D., F.L.S. 


20 Woodenbridge 


Wicklow 


300 


J. Hunter 


21 Greystones 

0. 

22 Bembridge 


Wicklow 


20 


Mrs. W. Wynne 


Isle of Wight 


80 


C. Orchard 


23 Whitchurch, ) 
Canonicorum ) 


Dorset 


150 


Miss Mules 


24 Bere Begis 


Dorset 


130 


W. Bedford 


25 Blandford 


Dorset 


270 


J. C. ManseU-Pleydell, F.G.S., F 


26 Buckhorn Weston 


Dorset 


290 


Miss H. K. H. D'Aeth 


27 Pennington 


Hants 


100 


Miss E. S. Lomer 


28 Stratbfield Turgiss 


Hants 


200 


Rev. C. H. Griffith 


29 Bexbill-on-Sea 


Sussex 


10 


H. Le M. Dunn 


30 Muntham 


Sussex 


250 


P. S. Godman, F.Z.S. 


31 Dover 


Kent 


150 


F. D. Campbell 


32 Famborough 


Kent 


350 


F. G. M. Kelly 


33 Swanley 


Kent 


220 


C. H. Hooper 


34 Chislehurst 


Kent 


360 


Miss F. Duncan 


35 Coneybarst 


Surrey 


600 


J. Russell 


36 Cburt Vicarage 


Surrey 


350 


Rev. A. W. Watson 


36 Cburt 


Surrey 


300 


C. Criddle 


37 Cranleigh 


Surrey 


180 


Admiral J. P. Madear, F.R.Met. 


38 Winterfold 


Surrey 


580 


R. Turvey 


39 Oxsbott 


Surrey 


210 


W. H. Dines, B.A., F.R.Met.8oc 


40 Ashtead 


Surrey 


• • 


R. M. Prideaux 


41 Addlcstone 


Surrey 


100 


C. U. Tripp, M.A., F.R.Met.Soc. 


42 East Molesey 


Surrey 


40 


Lady Jenkyns 


' 43 Marlborough 


Wilts 


480 


E. Meyrick 


44 Whatley 


Somerset 


450 


C. G. Whittaker 


45 Whitchurch 


Oxford 


150 


Rev. J. Slatter, M.A., F.R.Met.S 


46 Reading 

D. 

47 Oxford 


Berks 


• • 


H. Goadby 


Oxford 


200 


F. A. Bellamy, F.R.Met.Soc. 


48 Cheltenham 


Gloucester 


250 


M. L. Evans 


49 Beckford 


Gloucester 


120 


F. Slade, F.R.Met.Soc. 


50 Watford 


Herts 


240 


Mrs. G. E. Bishop 


51 St. Albans (The 
Orange) 


Herts 


380 


Mrs. Hopkinson 
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TABLE n.— LIST OF OBSEBYEBS— Conttnu^d. 












Station. 


Coonty. 


Heights 
sea-lei 


Observer. 

• 


D. 




Ft. 




51 St. Albans (Ad-) > 


Herts 


400 


Miss E. F. Smith 


51 St. Albans (Wor- 
ley Boad) 


Herts 


300 


H. Lewis 


51 Badlett 


HerU 


320 


Miss E. M. Lubbock 


52 Berkhamsted 


Herts 


400 


Mrs. £. Mawley 


53 Harpenden 


Herts 


370 


J. J. Willis 


54 Boss 


Hereford 


210 


H. Southall, F.B.Met.Soc. 


55 Breinton 


Hereford 


230 


H. A. Wadworth. F.B.G.S. 


56 Evesham 


Worcester 


120 


Bev. D. Davis, B.A. 


57 Henley-in-Arden 


Warwick 


320 


T. H. G. Newton. F.B.Met.Soc. 


58 Northampton 


Northampton 


320 


H. N. Dixon. M.A.. F.L.S. 


59 Charchstoke 


Montgomery 


550 


P. Wright. F.B.Met.Soc. 


60 Bnrbage 


Leicester 


♦30 


C. C. Hurst. F.B.H.S. 


61 Thnrcaston 


Leicester 


250 


Bev. T. A. Preston. FJl.Met.Soc. 


62 Uppingham 


Batland 


300 


G. W. S. Howson. M.A. 


63 Tean 


Stafford 


470 


Bev. G. T. Byves, F.B.Met.Soc. 
Miss M. G. B. Byves 


64 Beeston 


Notts 


210 


G. Fellows, F.B,Met.Soc. 


65 Hodsook 


Notts 


60 


Miss Mellish, F.B.H.S. 


66 Maoolesfield 


Cheshire 


500 


J. Dale 


67 Belton 


Lincoln 


200 


Miss F. H. Woolward 


68 Harrogate 

69 Hatfield 


Yorkshire 


340 


J. Farrah. F.B.Met.Soo. 


Herts 


• t 


T. Brown 


70 Hertford 


Herts 


140 


W. Graveson 


71 Hitchin 


Herts 


230 


J. E. Little, M.A. 


72 Ashwell 


Cambridge 


260 


H. G. Fordham 


73 Booking 


Essex 


240 


H. S. Tabor, FJl.Met.Soc. 


74 Lexden 


Essex 


90 


Miss Carver 


75 Spronghton 


Suffolk 


30 


Bev. A. FosterMelliar 


76 Tacolneston 

P. 

77 Ellesmere 


Norfolk 


190 


Miss E. J. Barrow 


Shropshire 


300 


J. A. S. Jennings 


78 Penmaenmaw 


Camarron 


350 


A. T. Johnson 


79 Clanghton 


Lancaivhire 


80 


Mrs. K. Green 


80 Giggleswick 


Yorkshire 


500 


E. Peake, MJL. 


81 Ambleside 


Westmoreland 


320 


S. A. MarshaU 


82 Egremont 


Camberland 


160 


J. Sherwen 


83 Gronkboome 


Isle of Man 


no 


A. W. Moore 
J. Murphy 


84 Orry's Dale 


Isle of Man 


70 


Miss C. G. Crellin 


85 Svlhj 

0. 

86 Edgeworthstown 


Isle of Man 


80 


H. S. Clarke, F.E.S. 


Longford 


270 


J. M. Wilson, B.A. 


87 Westport 


Mayo 


10 


J. M. McBride 


88 Loaghbrickland 


Down 


350 


Bev. H. W. Lett. M.A. 


89 Saintfield 


Down 


310 


Bev. C. H. WaddeU, M.A. 


90 Antrim 


Antrim 


70 


Bev. W. S. Smith 


91 Balljmena 


Antrim 


150 


W. Anderson 


92 Londonderry 


Londonderry 


MO 


T. Gibson 


93 Ballynagard 


Londonderry 


30 


Miss A. M. Campbell 


94 Bamelton 

H. 

95 Dalshangan 


Donegal 


KOO 


Miss E. Swiney 


Kirkcndbright 


500 


T. B. Bruce 


96 Tynron 


Dumfries 


520 


J.Shaw 


97 Thomhill 


Dumfries 


JOO 


J. Fingland 


98 Jardington 


Dumfries 


100 


J. Butherford 


99 Helenabnrgh 


Dumbarton 


100 


Miss Muirhead 
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TABLE n.- LIST OF OBSBBVEBSr-CofittmMdL 












Station. 


County. 


Ft. 


Authority. 


I. 






loo Doddington 


Lincoln 


90 


Bev. B. £. Cole 


loi Great Cotes 


Lincoln 


• • 


J. Cordeaux 


102 Thirek 


Yorks (N. B.) 


120 


A. B. Hall 


103 EastLayton 


Yorks (N. B.) 


?70 


Mrs. £. 0. Maynard Proud 


104 Darham 


Durham 


350 


H. J. Carpenter 


105 Low Fell 


Darbam 


90 


A. W. Price 


106 Cambois 


Northumberland 


20 


S. Dnnnett 


107 Lilliesleaf 

J. 
loS Aberdeen 


Boxburgh 


530 


Miss 0. B. Carre 


Aberdeen 


40 


P. Harper 


K. 








109 Inver broom 


Boss 


50 


J. A. Fowler 



The numbers before the names of the Stations refer to their position on the map of 

the Stations (Fig. 1, p. 119). 



while there was everywhere a marked deficiency of hright sunshine, except 
in the north of Scotland, where the weather appears to have been remarkably 
Bimny. 

In the earlier districts most of the hay was harvested in splendid con- 
dition, and as was the case everywhere, the crop proved an nnnsually heavy 
one ; but in the later districts rain greatly interfered with its ingathering. 
The com made slow but satisfactory progress until warmer weather set in 
for a time at the end of June, after which it grew more rapidly and very 
strongly. Much of this fine crop was, however, beaten down by the heavy 
thunderstorms of July and August. The corn harvest was a very long and 
tedious one, owing to the many interruptions caused by the frequent rains. 

Weeds, as might have been expected in such a cool wet summer, grew 
apace, and were with difficulty kept under. Slugs and snails were 
unusually numerous and destructive. But the pests of the season were 
undoubtedly aphides of all kinds, which did considerable mischief to fruit and 
other trees, roses, &c. Earwigs were also very numerous in East Anglia 
and other parts. There were, however, very few wasps or butterflies any- 
where to be seen. 

Owing to the May frosts there was almost everywhere a" very scanty crop 
of strawberries. Raspberries, currants and gooseberries also yielded badly, 
especially in the midland and northern counties of England and in Scotland. 

The dog- rose flowered at about its average date in all the first six districts 
except England East, where it was early, but was decidedly late in most of 
the northern districts. The flowering of the black knapweed, the harebell 
and the greater bindweed was very irregular, but in the case of the two last 
named was in most parts of the country rather in advance of the mean. 

The meadow brown butterfly made its appearance later than in any year 
liince 1891. 
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The Autumn. 

Septemb r proved everyvhere a. cold moDth, bnt in October there were 

a good nuQj moderately warm days, and dnring November the weather 

remained throogboiit nnseasoDably mild in all parts of the country. The 




For the Nuuei of 



total rainfall of this quarter was large in tbe South and South-west of 
England, bnt by far the greater part of it was deposited duriag the three 
weeks anding November 14th, which were excessively wet. In most of 
the other dietriets the fall varied l^om abont^ average to over 4 inches in 
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OrangB) 
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lOJ 

109 
114 
116 
•*s 

"33 

114 
111 

>>« 

109 

Ije 


J33 
"5 

IC3 
"3 
101 
kS 
"5 
'»S 

"5 

119 
111 

m6 
116 
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.69 
.65 
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[a JaDDsry. 
February. 

May.' 



■ii-iti u« in Jul?' 
xij-141 „ AngoBt. 
M4~'73 11 September. 
X74-J04 „ OoUiber. 
305-334 „ NoTember. 
335-365 „ Deeember. 



Scotland. Dnring September and October the record of ffanafaine was very 
variable, bat November thronghoat the British Idee proved exeeedin^j 

The corn crops ripened very slowly in the later districts, but the finer 
weather in September and the early part of October allowed of this lingering 
harvest being at last brought to an end, at all events in all bat the eoUei 
parts of Scotland. The yield of both straw and com was nnnanally larS^ 
but, as stated by Sir John Lawes at the time, " the crops suffered &om bad 
matnring and harvesting." The tnmips snd other roots made fair growth, 
and in many places there was an excellent second crop of grass. Indeed, until 
the end of the season the abandonee of keep in the meadows was remarkable. 
Until the heavy rains set in at the end of October, the plonghmg of the land 
and preparing it for the winter crops proceeded without intermption, but 
after that time wheat sowing was rendered in many places impracticable, 
owing to the saturated condition of the ground. 

The yield of both wheat and barley, taking the conntry as a whole, wu 
decidedly above the average, bat the most remarkable cereal crop of the year 
was oats, which yielded the heaviest crop since official statistics were first 
collected in 1 S84. The harvest began in most districts from about a forbiight 
to nearly a month later than in 1698, but at earlier dates than is either 1891 
or 1892. Taking the conntry generally the crop of beans and peas was abont 
an average one. Early potatoes as a rule ^-ielded badly owing to the Hay 
frosts ; the later varieties were also under the average, and in many places 
much diseased. Both tomips and mangolds were nnnsually good crops. 
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TABLE ly.— Umu Datbi (1 
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99 

107 

■OS 

■■ 


.,6 

'3+ 
141 

ui 

1+1 
1+0 

MO 

:: 

»n 

'3' 

"7 

'41 
16? 

1+0 
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? 


2S5 

1 = 




SB 

1- 
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1 consideiation wbea calcoliting tb« 



The apple blosaom suffered bo greatly daring the froata of May that tlie 
crop of frait was almost everywhere a failnre. The yield of plnnta wu 
also small, except in the south -weEtem, Eoutheni, and eastern connties of 
England, where it was about average. The pear crop proved a remarkably 
heavy one in most parts of England, but this was far from being tlie case in 
Scotland or Ireland. Mr. G. Bunyard,of Maidstone, a well known authority 
on fruit culture, attributes the enormous crop of pears in England to the 
following causes, viz. : The small yield in 189S, the heavy rains of the 
previous autumn, and the well ripened wood. He acconcts for the crop 
escaping destruction by the May frosts to the early flowering of the trees 
and the pendent character of the blossoms. 

The autumn tints were generally poor, owing to the aimless character of 
October. Wild berries of all kinds were oieeptionally abundant, especially 
holly berries. 

The dates for the ivy ere very variable, but in most districts later than 
the average. 

In certain localities the swallow was very late iu taking its departure, but, 
taking the country as a whole, this comes out only three days later than in 
1893. 

The Year. 

Between the third week in March and the third week in May plants came 
KB a rule into blosEom in advance of their usual time, aod towards the end of 
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TABLE Vin. 
Afprozimats Vabzations ntox ths ▲▼xraqs in Msan TsxpiaATUBB, Bazwall, and 

SUNSHIMS, 1893-94. 

Winter 1893-94. 
Temperature. 



Months. 


Eng. 
8W. 


Ire. 

8. 


Eng. 
8. 



+ 1-8 

— 0-4 

+i*o 
+0-8 


Eng. 
Mid. 


+30 

— 2*0 

-fo-8 
+0-6 


December .... 
January .... 
February .... 

Winter ... 


+2-3 
— 0-8 

+i*o 
4-0-8 


+VS 
-1-6 

+'•5 
+08 



Eng. I Eng. 

E. NW. 



Ire. 

N. 



-)-2*0 

— 0-4 
4-0-8 



+0-8 



+3*3 

O'O 

4-1-3 



Soot. 
W. 



+2°5 +4^0 

I'O O'O 

+1-3' +1-3 



+1-5 



Eng. 
N.E. 



o 

— o"6 
+03 



+0*9; f i'8| + i*o 



Scot. 
E. 



o 
+4-0 

+03 



Soot 

N. 



o 

+3-5 
— o'4 
—0-3 



+I-3I+0-9 



Bain. 



December .... 
January .... 
February .... 

Winter .... 











• 


in. 


m. 


in. 


in. 


in. 


+o*5 


+>s 


K 


+o'3 


—O'S 


— O'l 


-|-i*o 


— 0-6 


—0-3 


+0-3 




—01 


+o'5 


-0-5 
—1-3 


+07 


+»•♦ 


+0-3 


-|-0*2 



m. m. 

+o*5i +07 



m. 
+1-3 



in. 



8 
•4 



-4-o*i 1+1*9 -|-o*6 
+«-9j+''9i+4*i +!•» 



in. 

+07 

+3*1 



4-2-51 4-4-sl 4-6-0 o-o +3*7 



m. 
4-2-7 

+»-4 
4-4-0 



4-9-1 



Sunshine. 



December 

January 

February 


hrs. 

.... + 7 
.... +18 

4-1' 


hrs. 

+ » 



+ 5 


hrs. 

+»3 
+='7 


1 


irs. 

- 5 

-16 

-24 


hrs. 

+14 

+■7 
+36 


hrs. , hrs. hrs. 

— 5+5—7 

+'8+4+5 

"+ 4 3 


hrs. hrs. 
— 1 — 10 

+",— 9 
4.20 1 4.28 


hrs. 

—'7 

— 2 

— 6 


Winter 


.... +36 


+ 7 1 +62 

1 


+45 


+67 +11 +13 — 5 

1 


+30 + 9 , — »5 



Spring 1894. 
Temperature. 



March 
April . 
May . 



o 
4-2'0 

+3*3 

— 1*6 — 1-6, — 1-6 



4-I-8I 4-2-8 
+a'5i+4-3 



Spring 



4-1-2 



4-0-9 



4-1-8 



4-20 4-2 3' 4-3-3: 4-2-3 

4-3.5 4.30 4-3-51 4-30 
— 2-8 — 2-0 — 2-6! — 2-8 



+30 

+315 
—2-4 



4.0-9 4-I-I 4-1-41 4-0-8 4-1-4 

I ■ ' I 



o 
+»-3 
+a-5 

— 2*2 



+0-9 



o 

+»-5 

+»-5 
—2-4 

4-0-9 



4-2-8 
+3-8 

—2*2 



+1-5 



Rain. 



March 
April . 
May . 



I in. I ID. 
, —0-3 —0-4 
!— o-i 4-1-8 
! 4-0-4; -f 02 



Spring .... I 00 4- 1 -6 



m. in. 

5 
o'o| 00 

4.0-ii— 0-4 



— 0-6' — 0*9 



in. 
— 0-6 

-(-0'2 



m. 

o-o 



in. in. 
—0-2 — 0-2 
4.0*6 — 0-6 



in. 



in. 



m. 

— 0*9. — o-6j 4-'*o 
r7—<y7 —1-9 



-J-^ - ^_, ,w^ ^^ w, w, . y 

+0-5 4-0*8 4-0** +0*3! +'*Oi +'*ol+o*3 



-J-o'i 4"0*6 +0-6 —0-5 



— 0-6 



ry — o'6 



Sunshine. 



March 
April . 
May . 



Spring . . . 



hrs. 

+57 
+18 

— 9 


hrs. 

+ 4' 

— »4 

- '4 


hrs. 

+ 57 
+ 9 

— 21 


hrs. 

+ 59 
+ '9 
— »3 


+66 


+ 3 


+ 45 


+ 55 



hrs. ' hrs. hrs. > hrs. 
4- 58,4- 68,4- 644- 64 



— 4+ Hi— 21 

— 33 — i8| — II 



hrs. 
+ 78 



— 16+ 16 
— 8 



— 6 



4- 21J4. 6414- 324- 42 



4- 86 



hrs. 
+ 72 



hrs. 
+ 39 



— '3+ '9 
+ '41+ 45 



+ 73+'03 



-)- indicates aboT« th« average, — below it. 
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TABLE VIU. 

Variations from the ArEKkQE-^Continued. 

Summer 1S94. 
Temperature. 



Months. 



Eng. 
SW. 



Jane . 
July . 
August 



o 
-o-S 



Ire. 

S. 



Eng. 
S. 



Eng. 
Mid. 



o 

•5 



o 
CO 

; — o"8 — 0*5* — o*3 
— I'D — 1-2! — 0-8 



Summer 



— o'9 



— 0-6 



•5 



o 

0-5 

■0-3 

-I'2 



Eng. 
E. 



Eng. Ire. 

NW.i N. 



>7 



000 
•o*8 — I'o — o'8 



0-3 
1-4 



— 0-8 



4.0-5: -I-0-3 



— 1*2 



•8 



— o*6 



>'4 



Soot. 
W. 



Eng. 

NE. 



Scot. Scot. 

E. I N. 



— 0*8; — I'o — I'o 



+ 0-51 -f 10 
— 0-8 — 1-2 



•4 



— 0-4 



+0-8 
—0-6 



o 
+03 

4.2-3 
+0-4 



—0-3, +1-0 



Bain. 



June . 
July . 
August 



Summer 



in. I in. I in. 
— o'lj— o'l; o*o 

+I-2| 



+1-3 



4-1-2 4-1-8 
-j-o-i -t"®*4 



+I-I 



in. 



in. 



o-o 
— 0-3 



•3 +o'4 
+0-6 

—0-3 



4-2-2' — 0-6 



+07 



in. 

o*o 
— o-i 
4-0-6 



in. in. m. 
o'o 4-0*' 



+07 

— I'O 



4-0*51 — o*3 



I 



6 
—0-4 



in. 



m. 

4-1*1 — 0-2' — 0-6 

o-o; 4-0-9 4-1-5 

4-I-I 4"'*® 



>*3 



)-9' 4-0-8 



-fr8j 4-1.9 



Sunshine. 



June 
July 
August 






Summer 



hrs. 


hrs. 


hrs. 


hrs. 


hrs. 


hrs. 


hrs. 


1 
hrs. 


— 37 


— 21 


—16 


—17 


—37 


— 9 


—16 


-18 


— 17 


—17 


— II 





—14 


+ 5 


+ 7 


+ 7 


— 53 


—75 
—113 


—50 
—77 


—50 


-30 


—53 


— »7 


-»5 


—117 


-67 


-81 


-57 


-36 


—26 



hrs. I hrs. 

— 17 — 22 




— »3 



Autumn 1894. 
Temperature. 



September • . 

October 

NoYeiober . . . . 



— I- 

ti-s 
1-8 



Autumn 



5 



+0-5 



o o 
— 1-d — 1- 



4-1*0 

4-0-8 



— 0.1 



+ 1-8 
4-1-8 



.+o*9 



o 
—1-8 



o o 

— 2-3,— 2-5 

ti-2J-}-i-4 +0-6 
2-514-2-3 4-3-0 



4-0-5 4-0-4 



4-0-6 



— 1-3' — 1-8 
4-i-o' — 0*4 



+1-5 



4-3-8 



+0-4; 4-0-5 



o 
—1-8 

o-o 
+**5 



4-0-2 



o 

— 1*3 

-0-6 

4-2-8 



4-0-3 



— 0-8 
00 

-fi-o 



Bain. 



September . . 

October 

NoTember .... 



Autwnn 



in. 
—1-4 
4-1*0 
4-2-3 



4-1-9 



in. 
—2-3 

-j-i*o 



4-0-3 



in. 
—0-3 
4-1-3 
4-1-1 



-}-2-l 



in. 
— i-i 
4-0-3 
+o'7 

— o-i 



in. 
— 0-4 
—0-2 
4-0-5 



— o-i 



m. 
—2-9 

+o*5 
— 0-7 



—3-1 



m. in. 
_3-o]— 4-0 
4-0*2 
—0*6 



-3*4 



+0-3 



-4*3 



in. 

-13 

4-1-3 

—1*4 



in. 



in. 



—1-4 



-a*2|— 3*9 

0*1 —2*8 

— 1-6 4-0-1 

—6-6 



-3*9 



Sunshine. 



September.... 

October 

November .... 



Autumn • • . • 



hn. 


hn. 


hrs. 


hrs. 


hrs. 


hrs. 


hrs. 


+10 


+»7 


—30 


—14 


—23 




h»3 


+37 


10 


— S 


—41 


—34 


—33 




- 3 


+'3 
4.62 


+'» 


+H 


+31 
—40 


4-16 
-3a 


4-18 




h 4 


+«» 


+J6 


—38 4-30 



hrs. I hrs. 

+34+5 
—14 —30 

+ 7 +10 



+*7 —15 



hrs. 

V- 

+»3 



+31 



hrs. 
—22 

-15 



—37 



The abore Table has been compiled from the yariations from the mean given in the 
ITif k^f W^Mgr RtporU issued by the Meteorological Office. 
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April the dates of £rst flowering differed but litUe from those recorded altbt 
same period in the remarkably; forward Bpring of 1898. The CDckoo nude hi 
appearance exceptionally early, even earlier than in the previous year--^ 
many places from a week to a fortnight earUer. The year 1891 was a verj 
productive one. Both the bay and com cnqra proved onaBoaUy hetv;, but 
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much of the latter was harvested under very trying conditions as regards 
weather. The frosts of May 21st and 22nd entirely destroyed the previonB 
prospect of a glorious firuit season. Indeed, the only really good crop was 
that of pears, which throDghout nearly the whole of England were v^ 
abundant. 

Obiervert' Note*. 

Decembee 1893.— Jt/dionan Smith (A.). Snd. Dahlias killed. aOth. First 

Juuel catkins out in shelterad valley. Falmouth (A-)- During this month 48 



lUVLKT — BKPOBT ON THE PHBHOLOOIOU. 0BSEKVATIOH8 POB 1894. ]81 

different sorts of wild flowers were gathered within a radiua of G miles. T^ver- 
lon (A.). 22nd. Violets and a hepatica in Sower in garden. Bamaleg (A-)' 
I never remember fruit trees with suoh well ripened wood or having a better 
promise of bearing in the Buoceeding year. Blandford (C). 18th. Black 
gnillamot were picked up near here in an exhausted state after the blizzard of 
the previous day. Pennington (C.)- 80th. Winter aconite in flower. Burbagt 
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Loughbriekland (Q.). All the 
id of November. This I attribute 
to the previous dry summer. Saintjietd {Q.). 16th. Qorse in flower as if it 

Jahuabt 1894. — Mawnan Smith (A.)- 36tb. WUd primrose in blossom. 
Falmouth (A.). 5th. Camelliaa in bloom in the open air. Sidcot (A.). 
During the first week flowers cams out in quick Huocession. Aberggtieilh (A,). 
2tnh. Frog spawn first seen. Benibridge {C.)- 2nd-4th. Piercing North-east 
winds which penetrated houses and stores which had never been reached by 
frost befbre, and destroyed seed potatoes and dahlia roots. Addl«*tone (C )- 
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28th. Winter aconite in flower. Berl-ham^id CD,). 17th. Winter aoonite in 
flower, earliest since 1990. Er^tkum (]).)• ^th. Hazel eatkins oat. Bmrbti^t 
(B.r- 13th. Winter aconite in dower. 7«aii (0.>- Primroses fimnd in floww, 
a very uncommon thin^ here in Janoarr. Hazel catkins exeeptionallj fine. 
Hodp<k (D.). 13th. Winter aconite in flower. HarrormU (D.). <lth. The 
exposed thermometer fell to — 8''7. Berberis Darwinii, Aneaba Japoniea, and 
Ulex EoroiMeas were killed oatright. Hiichim (S.). 2nd. Hazel eatkins oat 
Jacolmeflon (E.>. 19th. Hazel eatkins very abundant. ^Inlnin (G.). 6th. 
Evergreens soflered greatlv from severe frost, Portnguese lanrels became entirely 
brown. DaUhangan (H ). Ist. Winter aconite in flower. lAUUdeaf (L)* 
6th. Winter aconite in flower. Aberdeen (J.t. 6th. The seyerest frt>0t sinee 

881. Shrubs suffered severely, but not low growing Tegetatioii« which was 

overed with 4 ins. of snow. 

Febbuart. — BanutapU (A.). 28th. Vegetation singnlariy fiurward, the 
average number of species of wild flowers recorded by me for the preTious 20 yean 
is 16 for the end of February ; in 1893. 27 were' recorded; and in 1894, 85. 
B€mhridgf (G.^ 21st. Picked a dish of mushrooms from a bank out of doon. 

Whitchurch Canomcorim (C). 14th. In the village children*8 wild flower cUm 
30 different species of wild flowers were registered. Pennimgtom (C). Winter 
migrants very scarce. Burhage (D.). l^nd. Books began building. 
Harrogate (D*». 25lh. Frog spawn first seen. Tjgnrtm (H.). ^rd. Curlew 
first seen. Durham (I). Woodcock and snipe very scarce, especially the 
former. 

March.— .4 bery»hrith ( A.». 26th. About 26 wild flowers out, only half that 
number in 1893. Btmbridgt iC K 31st. Cut asparagus out of doors. Yegetatioii 
very forward. Penminjton <C.). Queen wasps plentifol. WkUekurek (d). 
21st. Queen wasps found together in a crevice of garden wall coping. Tmn 
(D.). 10th. Primroses as abundant as they are usually at the beginning of 
April. Hiichin (E.L Queen wasps last winter hibernated together in great 
numbers, as many as filled an old teapot were found under a tarpaulin on an 
outhouse roof. 

April. — Ticcrton (AJ- 20th. Hawthorn out on five different bushes 
(specimens received). ITe^/can/ Ho (A.). Queen wasps numerous. Si. 
A rrans (A.). 1 1th. Hailstones as large as nuts, which cut off fruit and slit roeeand 
other leaves. Killanunf {B-)- 26th. Corncrake first heard. fVoodenbridge (B,). 
17th. Corncrake first heard. Btmhridgf (C.». 18th- Gloire de-Dijon rose 
in flower on wall of house. Pennington ( C. ). 26th- Swift first seen. Stratkfield 
Turrjiiti (C.). 22nd. Hawthorn extraordinarily full of blossom, and trees 
perfectly white. Churt «C.). Took between 70 and 80 wasps early in the 
month. ^ Ladvbirdfl abundant. B^rkhamsteil (D.). 2nd. Wild cherry in 
flower. Buritage «.D.). 3<->th. Landrail first heard. Beesion (0.). 28th. 
Corncrake first heard. Lexden (R). 29th. Swift first seen. SeitU (F.). 
The collector of plovers* egi^s for market raid he had never known them so 
early. Sulbi^ {TX 27th. Corncrake first heard. EkigewortkgUnen (G.). 18th. 
Corncrake first heard. Loughhrickland (Qj. 23rd. Corncrake firs* heard. 
Thirsk (L). l^th. Apricots as large as cherries. East LayUm (I.). 22nd. 
Never recollect seeing blackthorn so laden with blossom. Jnverbroom (K.). 
16th. Pear blossom over and fruit set. 

May. — Mawnan Smith (A.^. \ great many queen wasps this spring. 

Hawthorn remarkably full of blossom. 17th. Swift first seen. Bam9tapl9 (A.). 

The past 12 years' averac^e for the number of wUd flowers observed by me in 

blossom at the end of May is 170. Number observed in 1893 — ^240, in 18^4 — ^227. 

Long Ajihton (A ^ More cuckoos and swallows than I remember here for 18 

vears. Penarth < A.). 21st. Frost blackened many potatoes about Penarth and 

Cardiff. Spring butterflies scarce. B*tst^nh^ (A.). The frosX of 21st and 

continuous East T^-ind and cold nights have injured strawberries and apples 

more than I ever remember before. St. Arrant (A.). Slst. Hawthorn 

blossom especially abundant, every bush and hed>;e being as white as snow. 

KiUnrneg (B.). 20th -22nd. The severest frost since May 1864. Eyen briar, 

ivy and ash shoots much injured. Wowlenhridge (B.). Frosts on Slat, 22nd 

and 23rd, which blackened potatoes, beans, .Jtc., and caused gooseberries to 

fall from the trees. Bemhridye jC.K *^Oth and "list. Xo injuries by ftosX here 

although exposed to the north-east. Buckhom }ye$icn {C*). 20th. Shaip frost, 
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which cut back potatoes, damaged fruit blossom, and caused gooseberries to 
drop ofif. Twyford (C.). Although on high ground, the frost of 20th destroyed 
at least 10,000 young rose blooms and 200 newly planted dahlias. Strathfield 
Turgiss (C). A very forward spring up to the 21st, when a very keen frost 
literally out everything to pieces — laurels, ash trees and horsechestnuts suffered 
severely. Cuckoos very abundant, nightingales comparatively scarce. Fam- 
horough (C.). The frost of the 19th cut off buds of the dog rose ready to open 
and almost entirely destroyed strawberry crop. CluMmrst (C). All flowering 
shrubs exceedingly full of blossom, especially hawthorn. Coneyhurst (C). 
Hawthorn more thickly flowered than for some years. Chart Vicarage (C.). 
A very great number of queen wasps till after frost in third week. The frosts 
of 20th and 21st, and the succeeding cold weather, have done more harm than I 
ever remember. The young foliage and shoots of trees and hedges are blackened 
as if by Are. Churt (C.). Chestnut growths of underwood especially presented 
a black and scorched appearance afterj frosts of 20th and 21st. Butterflies 
scarce. Cranleigh (C ). The frost of 21st, followed by a bright sun in the early 
morning, did much damage, especially among the potatoes. Winter/old (C ). 
The frosts of 20th and 21st, with hail and snow on both days, injured underwood 
and fruit blossoms, and cut bracken to the ground. Oxshott (C). The frost did 
not do much harm here, but was severe in the low ground in the neigh- 
bourhood. Marlborough (C). Frosts of the 20th and 21st cut back vegetation 
severely. Oxford (J),), The blossom on chestnut, lilac, laburnum and lime par- 
ticularly fine. Beckford (DO* Potatoes and kidney beans practically killed by frost 
of 21st, while fruit trees and strawberries suffered severely. The damage sus- 
tained was all on the low lying lands, on the high ground over 100 ft. above 
the brook there was no frost. St, Albans {The Grange) (D.). 22nd. Sharp 
ground frost, which did much damage to fruit blossom and vegetation generally. 
Radlett (D.). 18th. First swarm of bees. Harpenden (D.). The frosts at end 
of third week almost entirely destroyed apple blossom. Gooseberry bushes 
almost bared of their fruit. Potatoes so injured that they never recovered, and 
yieldedminute tubers only. Rosa (J),), 14th. Corncrake first heard. Breinton 
(D.)* Frosts of 19th, 20th, and 21st cut oaks, ashes, nettles, &c. Burbage (D.). 
Hawthorn blossom very plentiful. Thurcaston (D.). Enormous show of bloom 
of all kinds. The frosts have not done much harm here. Tean (D.). 24th. 
Young oak and ash leaves blackened, and potatoes killed by the frost. Hodsock 
(D.)* 21st. Potatoes blackened, strawberry blossom destroyed, and yoimg 
shoots of ivy, oaks, and ash touched. Macclesfield (D.). 1st. Sycamores and 
hawthorn in fiill leaf and bloom. Fruit blossom very abundant. Blossom on 
fruit trees and strawberries destroyed by frost towards the end of the month. 
Laburnums nearly stripped of bloom, ash bloom and leaves all killed, young' 
shoots of sycamore, alder, poplar, and hawthorn also killed. Belton (D.). 20th 
and 21st. Everything being wet, great damage was done by the frost. Some 
oaks completely blackened, others partially so, according to position. Ash trees 
blackened and appear as if dead. Uitchin (B.). 20th and 2l8t. Potatoes and 
beans cut off by frost. Oak, ash, elms, beech, maple, elder, plums, gooseberries, 
currants, strawberries, thistles, plantains, and ivy frostbitten. Ashwell (E.). 
10th. Swift first seen. 2l8t and 22nd. Sharp frosts : geraniums, dahlias, &c. 
cut down. Sproughton (E.). 21st. The disastrous frost experienced in many 
parts of the country was here modified by a slight snow shower between 4 and 
6 a.m., which probably was of great service to vegetation. Tacolneston (E.). 
21st. Potatoes killed to the ground in exposed places by frost. Ellesmere (F.). 
20th. Young shoots of oak, ash, i\'y, hawthorn, &c. killed by frost. Penniaen- 
mawr (F.). Fruit blossom not quite as abimdant as in 1898, but hawthorn very 
full of bloom. 25th. Much diunage done to young potatoes by frost. Claugh- 
ton (F.)- 20th, 21st, and 22nd. Potatoes and dahlias cut by frost. Giggleswick 
(F.). 21st and 22nd. Great damage to trees, potatoes, &c. by frost. An ash 
tree just showing leaves on May 1st was scarcely in full leaf by June 1st. 
Ambleside (F.). 20th-22nd. Young growths on beech, oak, and spruce, which 
were very forward, destroyed by frost. Egremont (F.). 20th and 21st. Great 
damage done to potatoes and vegetation in general by frost. Lou ghbrick land 
(O.). 20th and 21st. Potatoes cut to the ground, and the new growths of oak, 
ash, sycamore, silver fir, box, and bay laurel killed by frost. Antrim (G.). 
liOth and 21st. Potatoes cut to the ground by frost and young shoots of the ivy. 
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while those which experienced the full power of tiie sunlight without any prerious 
interval of shadow had been killed. One grower stated that if the plants could 
have been watered probably little damage would have been done. 

Dr. A. BuciiAN inquired whether Mr. Mawley had been able to ascertain if the 
damage by frost was in any way dependent on the nature of the soil, as it 
appeared probable that plants on cold soils, such as clay, would be more likely 
to suffer than those grown on warmer soils. 

Mr. E. Mawlet, in reply, said that for the purpose of preparing averages he 
would much like to have from 15 to 20 observers in each aistrict, bat the actual 
number of observers was in many districts considerablv fewer than that nomber. 
The results clearly showed that the best represented districts gave the best 
results, while those which are imperfectly represented caused the curve to be- 
come irregular. As regards the injury to fruit trees from cold or wet, the most 
critical period in their blossoming was when the flowers were fully expanded, 
but not yet fertilised. Therefore the nature of the soil, whether warm or cold, 
might in some cases account for certain fruit trees being affected, while others 
escaped injury, from the May frosts although growing in the same locality. It 
was generally understood that the migration of birds to the British Isles was 
only to a certain extent controlled by the weather here, being principally regu- 
lated by their supply of food and the weather prevailing in the countries from 
which they come. The injurious effect of sunshine upon frost-bitten plants was 
well known to horticulturists, and he had himself once saved a number of crysan- 
themums by placing them in the shade before the sun had acquired sufficient 
power to hurt them. An enthusiastic rosarian with whom he was acquainted, on 
one occasion, fearing a spring frost would injure his roses, turned the garden 
hose upon them early in the morning, and so saved his plants, while the n>liage 
of other roses in the same district were greatly damagea. 



PROCEEDINGS AT THE MEETINGS 
OF THE SOCIETY. 



January 16th| 1895. 

Ordinary Meeting, 

Richard Inwards, F.R.A.S., President, in the Chair. 

DuscAN J. Caddy, M.D., F.R.G.S., 4 EarFs Court Gardens, S.W. ; 
ExocH George Mawbey, AssocM.Inst.C.E., The Firs, Westleigh, Leioeater ; 
Edward Fritchard, M.Inst.C.E., 37 Waterloo Street, Birmingham ; 
Hexey Thomas Squirrell, 5 Station Road, Bezhill-on-Sea ; and 
Walter Thomas, Assoc.M.Inst.C.E., Dover, 
were balloted for and duly elected Fellows of the Society. 

The following communication was read : — 

**The Gale of December 218T-22nd, 1894, over the Bkitibh Islbs.** 
By Cha&les Hardiko, F.R.Met.Soc. (p. 92.) 




Jannary 16th« 1895. 

Armual General Jfeeting. 

Richard Inwards, F.R.A.S., President, in the Chair. 

Mr. F. J. Brodie and Mr. M. Jackson were appointed scmtineers of the 
ballot for Officers and Council. 

Mr. F. C. Bayard read the Report of the Council and the Balance Sheet for 
1894 (p. 62). 

It was proposed by the pRfisiDEKT, seconded by MR4 F. C Hatasd, and 
retolved : — ^ That the'Report of the Council be received and adopted, and printed 
^- ihe Quarieriy Jaumair ^ 



PROGBEDINGS AT MEETINGS. 187 

• 

It was proposed by Prop. J. K. Laughton, seconded by Mr. W. M. 
Beaufort, and resolved : — " That the thanks of the Society be given to the 
Officers and other Members of the Couneii for their services during the past 
year.*' 

it was proposed by Mr. A. Brewin, seconded by Mr. H. S. Eaton, and 
resolved : — *' That the thanks of tlie Society be given to the Standing Com- 
mittees and to the Auditors, and that the Committees be requested to continue 
their duties. till the next Council Meeting." 

It was proposed by Dr. C. T. Williams, seconded by Admiral J. P. 
Maclear, and resolved : — '' That the best thanks of the lioyal Meteorological 
Society be communicated to the President and Council of the Institution of 
Civil Engineers for having granted the Society free pci mission to hold its Meet- 
ings in the rooms of the Institution." 

The President then delivered an Address on " Weather Fallacies " (p. 49). 

It was proposed by Mr. K. II. Scott, seconded by Dr. H. R. Mill, and 
resolved : — " That the thanks of the Society be given to Mr. Richard Inwards 
for his services as President during tlie past year, and for his Address, and that 
he be requested to allow it to be printed in the Quarterly Journal^ 

The scrutineers declared the following gentlemen to be the OHicers and 
Council for the ensuing year : — 

President. 
Richard Inwards, F.R.A.S. 

Vice-Presideiiti. 

Robert Barnes, M.D., F.R.C.P. 

Robert William Peregrine Birch, M.Tnst.C.E., F.G.S. 
Charles Theodore Williams, M.A., M.D., F.R.C.P. 
Captain David Wilson-Barker, F.R.G.S. 

Treasurer. 
Henry Perigal, F.R.A.S., F.R M.S. 

Secretaries. 

Francis Campbell Bayard, LL.M. 
George James Symons, F.R.S. 

Foreig^n Secretary. 
Robert Henry Scott, M.A., F.R.S. 

Council. 

Arthur Brewin. 

George Chatterton, M.A., M.Inst.C.E. 

Richard Henry Curtis. 

William Henry Dines, B.A. 

William Ellis, F.R.S. 

Charles Harding. 

Baldwin Latham, M.Inst.C.E., F.G.S. 

Admiral John Pearse Maclear, R.N.. F.R.G.S. 

Edward Mawley, F.R.U.S. 

Hugh Robert Mill, D.Sc, F.R.S.E., F.R.G.S. 

Henry Southall, F.R.H.S. 

Herbert Sowerby Wallis. 

2fXW SBRIBS. — ^VOL. XXI. K 
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Pebrufiry 20th, 1835. 

Ordinary Mpeting, 

Richard Inwards, F.R.A.S., President, in the Chair. 

Mrs. Charlotte Lyndon, Wellington, Somerset ; 

Arthur Hknry Aylmer Morton, M.A., Athenaeum Club, S.W. ; 

Edward Amos Peak, Pearson Park, Hull ; and 

Capt. Henry Robert Frederick Plater, F RG.S., 18 Campbell Road, Bow, 
were balloted for and duly elected Fellows of the Society. 

Capt. D. Wilson-Barker and Mr. W. Marriott exhibited some lant 
slides showing the condition of the ice on the Thames at the date of the meet! 

The following communications were read : — 

" Report on the Phenological Observations for 1894." By Edwa: 
Mawley, F.R.Met.Soc. (p. 112.) 

"The Thunderstorm and Squall of January 23rd, 1895.'' Bv Willl 
Marriott, F.R.Met.Soc. (p. 102.) 

" On some gradual Weather Changes in certain months at Greenwi^ 
and Geneva." By Alexander B. MacDowall, M.A., F.R.Met.Soc. (p. 10? 




CORRESPONDENCE AND NOTES. 

Experiment illustratiDg the Formation of the Tornado Cloud.— The 

following experiment is so easily performed, and imitates so exactly on a small 
scale the mechanism of a Tornado or Waterspout, that it seems wor^h describing. 

Obtain an old box or packing cnse about 2 feet square and 18 inches high. In 
the centre of the top cut a round hole about H inches diameter, and in it fix a 
few feet of stove pipe. Remove one side of the box, or preferably, for the sake 
of light, two opposite sides, and replace by window glass, leaving, however, a 
narrow opening on one side only between the glass and the side, about J inch to 
1 inch broad and extending to the full height. Place in the bottom of the box a 
circular vessel filled with hot wa^er, and then by any available means obtain a 
strong draft up the stove pipe. The characteri.«tic funnel cloud is soon seen 
extending from the water to the mouth of the pipe at the top of the box, and if 
the draft be strong, and the conditions favourable, a decided protuberance is 
seen on the surface of the water just under the end of the cloud. 

The draft can be obtained by burning a jet of gas in the stove pipe, and this 
is sufficient to form the cloud, but will hardly raise the protuberance on the water. 

The success of the experiment seems to depend on a strong draft up the chim- 
ney, and on directing the air as it enters the box so that it has the greatest pos- 
sible angular momentum about the centre, and also on perfectly quiet and steady- 
conditions in the surrounding air, for the funnel when formed is easily broken 
up by any irregular draft. 

There seems no doubt but that the cloud is formed by true dynamic coolings 
as the air, saturated by the vapour from the hot water, comes under the influence 
of the decreased pressure at the centre ; for 1 have not been able to form the 
cloud with smoke. 

The circular motion and the rapid whirl are quite apparent, and can be proved 
by dropping any light,objects into the box, also powder or soap suds floating on 
the water are instructive. 

Probably the sizes given above are quite immaterial, but they are the first and 
only ones I have tried —W. H. Dines, Oxshott, April 18th, 1895. 
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Wot- bulb in Frost. — During the frost of February 1895 I made several ex- 
;^>erimeiits with the wet-bulb thermoineter in order to see how long it would take 
^0 fall to its lowest temperature after wetting. 

1. On February 8th, at 9 p.m., I applied warm water to tlie ordinary wet- 
^ulb thermometer wirh spherical bulb, and to a sling thermometer with long 
^cylindrical bulb which had a fringe at the upper part of the bulb (Kammerman'& 
^arrangement) ; the temperature of both iminediniely rose to 5U^. At the end 
-^^f 1 minute both thermometers had fallen to 32°. The sling thermometer re- 
:^^aiued at that temperature for about 1 minute, and 3 minutes later had fallen 
-^o its lowest point. The ordinary wet-bulb thermometer remained at 32^^ for 
^"■^ore than 5 minutes, and fell very slowly for the tirst few degrees, but more 
4^:^uickly for the remainder. Thi» thermomi 



lermometer took about 10 minutes lo fall, 
he whole time occupied from the moment of wetting, till the actual lowest 
-^^mperature was reached, was 5 minutes for the sling thermometer, and 15 minutes 
^f ^Dr the ordinary wet-bulb thermometer. 

The temperature of the air at the time was 18^ the wind Enst, force 2, and 
-g^fwe sky cloudless. 

2. On February 11th the muslin on the ordinary thermometer was wetted at 
«> p.m., but on looking at the thermometer at the end of 30 minutes the mercury 
in It was still 2^ higher than that of the dry bulb. 

TIi€ temperature of the air was 22^, the wind calm, and the sky cloudless. 
3- On February 14th I experimented with three theniiometers, viz. the ordi- 
nary spherical bulb, a sensitive cylindrical bulb, ami the sling thermometer. On 
appljring warm water they all rose to about 50°, Jind at the end of 1 minute they 
had fallen to 32°. The sling thermometer remained at 32° for ab(»ut 5 minutes^ 
and jfttthe end of 8 minutes had reached its lowest point. The cylindrical bulb 
tbei-mometer remained at 32° for 8 minutes, and reached its lowest point in 12 
miniiten. The ordinary thermometer remained at 32'^ for 8 minutes, and reached 
its lo^vrest point in 15 minutes. 

Til e temperature of the air was 24°, the wind East, force 2, and the amount of 
cloud 7. 

In "these experiments the sling thermometer was whirled round and round in 
^G ^-ir, while the other thermometers were suspeiuled in the Stevenson screen. — 
''^'^^lAM Marriott. 

Sm^cke of Volcanoes as a Weathercock. — Some of us read with interest the 

artic*!^ on the " Great Frosts '* of mediajval and recent times in the Standard a 

few d^yg ago — qualified with a smile at the legend that '' tlie Mediterranean twice 

froz^ over, and that carts passed over it," &c. These .were of course the lagoons 

of ^^nice and kindred seas. But the writer ended by asking how tliese great 

and Continued frosts arose, and it is this part of the article — unanswerable at 

pre *^ Tit though it be— that makcH me ask whether the finest weatliercocks in the 

woi**<i^-the smoke of its lofty volcanoes — have been |)ro{)erly and systematically 

obi*^^x-ed ? I say weathercocks, for th'3 (smoke) vane is fiec to move both 

latc^'^Oly and perpendicularly ; and it is as to tliis latter functi<»n that I ask my 

qfi^**^i«n. I have long been of opinion, from reading both British and Cunti- 

jjeiJ't^l works on meteorology, that the importance of *' down draughts " has not 

fec^^v^(l the attention due to it. 

^^^^ my re- visit to Naples (after many years absence) on December 20th, 1894, 

X 3'5'^'Ved during the tirst veering of the wind towards North after cyclonic con- 

^il^^"*!*. The next morning, with the wind West, the smoke of Vesuvius, which 

|» f^^iftewhat abundant, blew away parallel with the clouds to the east, but the 

^^y iollowing (the 22nd) the wind was North, and the smoke made a clinging 

^^gCcnt down the side of the mountain to, of course, south. This continued 

cqX ^478, f>., while the wind was North or North-cast, till the 25th. On the 

^^ih the wind was East, and the smoke did not cling so much to the mountain 

-efface, though its descending character was strongly marked. On the morning 

^f the 27th, with light air from the East, with the same tendency, till near noon, 

^jth a bright sun, the wind drew to tlie South-west, and the smoke became 

^oroughly uplifted to the north-east. On the 28th there was the same uplifted 

A^fideucy with the same wind till the afternoon, when the wind changed to East, 

g^d immediately there was a descent of the smoke, which lasted till the morning 
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of the 29th ; when, with a mpid fall of the thermometer, the wind shifted to 
South-south-west and an uplifted, and afterward* horizontal, course of the smoke 
was observHble wherever the cloud:» in the gale admitted of observation. 

Over and over Again in the last two months the »ame thing has occurred when- 
ever in this most extraordinamly tempestuouK winter I have been able to catch a 
glimpse of the ^moke. At the moment of writing, the wind has suddenly turned, 
after sirocco, with great force to the Xorth-e&$t, and, as seen from here, the 
smoke descended from the mountain, which is almost due north from here, 
absolutely giving the semblance of a close cling to the side of the mountain. A 
Tery long and constant acquaintance with the Alps has taught me long ago that 
the cold of the Swiss *' bise *' and Italian ** tramontano *' from North to North- 
•east has nothin? to do, except for a most secondary thing, with the wind*8 pas- 
sage over the Alpine snow. Compared with the cold derived from its down 
-draught character, this passage may be almost considered *"■ une quantity neglige- 
able,*' e.g. take the May of 1891 when I w>«s, as I often have b^n, at Lucerne. 
The tirst part of that month was unusually hot, and the surface of the plain 
north of Lucerne, to distinguish them from mountains, must have lieen for the 
time of year warm, yet on a sudden change to North the wind was, as anyone 
might have expected, bitterly cold. While a change to South in June, travel- 
ling over 50 miles of snow and glacier, brought, as it always does at Lucerne, 
an intolerable heat. 

My impression is that the question of descent of air, more or less (as it is), of 
audi long continuance where in winter we have such large areas of excessive pres- 
sure is one of those that has not received the attention it deserves ; although 1 am, 
of course, quite aware of the valuable information in respect of it given in the 
text books. We know, e.g. that in the formation of hail the ascent and descent 
of the wind and the respective portions of the funnel shaped storm, are the fac- 
tors of formation, but what here goes on in miniature goes on on a huge and 
lasting scale at times. — T. H. Mokgan, Sorrento. South Italy, February 16th, 1895. 
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[Bead April 17th, 1895. J 

Thb frost of January and February 1895 was of so intense a character, 
that it seemed desirable that a communication on the subject should be made 
to the Society. We have therefore willingly complied with the request of the 
Conneil to prepare such a paper, which we now submit, and trust that the 
information contained therein may be of interest to the Fellows. 

The cold period, which commenced on December SOth, and terminated on 
March 6th, was broken by a week's mild weather from January 14th to 21st, 
otherwise the cold would have been continuous for 66 days. The character 
of the weather during this period will be seen at a glance from the following 
data for Greenwich : 
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If MO. 











BCaz. 


Min. 


A. 


Doc. 80— Jan. 18 




Gold ... ••• 


87-9 


81-0 




Jan. 6—12 




Very Cold 


82-5 


27-2 


B. 


Jan. 14 21 




Mild ... 


45-4 


870 


C. 


Jan. 22— Mar. 5 




Cold ... 


86*9 


241 




Jan. 26— Feb. 


19 


Intensely Cold 


82*8 


19-6 



Minimum Tbmpbraturss. 

We have plotted on maps for each day, for the whole period, the minimnii 
temperatures from the Society's stations and also from those of th 
Meteorological Office, as well as some fhrnished by Dr. Bnchan an 
Mr. Symons. 

For the purposes of this paper we have considered a *'oold day " to l 
when the minimum temperature has fallen below 10°. During the period i 
question there were 28 days on which that limit was reached in some part c 
the British Isles. The charts for these days are reproduced on Plates 8 an 
4. The isothermal lines are drawn for each ten degrees, the areas below 1( 
being shaded, and those below OP (zero) being cross shaded. 

On January 8th, the temperature fell to — 8° at Braemar, and was belo 
10° over the central part of north Scotland. Temperatures below 20° wei 
recorded over nearly the whole of the north of Scotland, and also at seven 
places in England and Ireland. 

On the 9th, the lowest reported temperature was —5° at Braema 
Temperatures below 10° were recorded over the central part of Scotland, whil 
readings below 20° were registered over nearly the whole of Scotland, tl 
north and parts of the west of England, and part of Wales and Ireland. 

On the 10th, the cold areas had extended and the frost had become moi 
intense. The lowest temperatures were — 2° at Braemar, and 0° at Stob 
Readings below 10° were reported from the eastern and southern parts of Sco 
land, and a part of the north Midlands of England and Wales. Temperatur 
below 20° occurred over practically the whole of Scotland, the greater pa 
of England and Wales, and tlie central part of Ireland. 

On the lltb, the lowest reading was 0° at Braemar. The area of temper 
tures below 10° extended from the north of Scotland to the Midland counties 
England, while that below 20° covered nearly the whole of Scotland ai 
England. 

On the 12th, the lowest reading was 2° at Hillington, and temperatur 
below 10° occurred in several districts in the east of Scotland and Englan 
Temperatures below 20° were recorded over the greater part of Scotlai 
and England. 

On the 18th, the cold had become less intense, only one station in tl 
north of England reporting a temperature below 10°, while readings bel< 
20° were recorded at only a few stations in the east of England. 
Mild weather set in on the 14th and continued till the 21st, when tl 
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cold returned ; and on the 26th the minimnm had fallen helow 10° in Wales 
and Norfolk, the lowest readings heing 8° at Llandovery and 9° at Hillington. 
Temperatures helow 20° occurred over the inland parts of Scotland, the north, 
east, and west of England, Wales, and part of Ireland. 

On the 27th, temperatures helow 10° were registered in the eastern and 
south-eastern counties, Yorkshire, and part of Wales, the lowest readings 
being 1° at Hillington and 8° at Geldeston. The temperature fell helow 20^* 
over almost the whole of England, Wales, and Scotland, and parts of 
Ireland. 

On the 28th, the temperature fell helow 0° in Wales, the lowest reading 
being — 2° at Llandovery. Temperatures below 10° occurred over part of 
Wales, the north of England, and the west and south of Scotland ; and 
minima readings below 20° were registered over almost the whole of Eng- 
land, Wales, and Scotland, as well as over the central part of Ireland. 

On the 29th, temperatures below 10° were registered at several places in 
England, Wales, and Scotland, the lowest reading being 2° at Llandovery. 
Temperatures below 20° were reported from stations over nearly the whole 
of England and Wales, and the south and east of Scotland. 

On the 80th, the temperature fell below 10° over the centre and south of 
Scotland, and parts of the centre of England, the lowest readings being 1° at 
Braemar and 8° at Stobo. Temperatures below 20° occurred over nearly 
the whole of Scotland, England, and Wales. 

On the 81st, temperatures below 10° were registered over the central and 
southern parts of Scotland and part of Wales, the lowest readings being 2° 
ftt Braemar and 4° at Stobo. The temperature fell below 20° over nearly 
the whole of Scotland, the north and west of England, the greater part of 
Wales, and the south-west of Ireland. 

From February 1st to 4th the cold was not so severe, the minimum tem- 
perature at no place being below 10°. 

On the 6th, temperatures below 10° were registered over Wales and parts 
of the centre of England, the lowest reading being 6° at Gwernyfed Park, 
Brecknockshire. The minima fell below 20° over the greater part of England 
and Wales, and at a few stations in Scotland. 

On the 6th, temperatures below 0° were registered at several places in the 
Midland districts of England, the lowest readings being —4° at Barkby, 
— 8° at Eetton, and —2° at Bury St. Edmunds. The minima fell below 
10° over the whole of the midland and part of the south-western districts of 
England, and part of Wales and Ireland ; and also below 20° over the whole 
of England and Wales, and the greater part of Scotland and Ireland. 

On the 7th, temperatures below 0° were registered at several places in 
England, Scotland, and Ireland, the lowest readings being —10° at Barkby, 
—7° at Aviemore, Inverness-shire, and —4° at Ketton. Temperatures below 
lOP occurred over the greater part of England and Wales, the centre and south 
of Scotland, and the centre of Ireland ; while the isothermal line of 20° 
embraced almost the whole of the British Isles. 

On the 8th, temperatures below 0° were registered over the centre and 
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Bonth of Scotland, the north, centre, and other parts of England and Wales, 
the lowest readings being —18° at Aviemore, and —12° at Braemar. The 
area of temperatures below 10° embraced almost the whole of Scotland and 
England except the west and south, and also part of the centre of Ireland. 
Temperatures below 20° occurred over the whole of Scotland, Wales, and 
England (except the extreme south-west coast), and the greater part of 
Ireland. 

On the 9th, temperatures below 0° were registered over the centre and 
south of Scotland, the north and midland districts of England, and part of 
Wales, the lowest readings being —11° at Braemar and Aviemore, —9^ at 
Glenlee, and — B° at Blair Athol. The area of temperatures below 10° was 
similar to that of the previous day, and embraced almost the whole of Scot- 
land, England, and Wales, except the west and south, and also part of the 
centre of Ireland. Temperatures below 20° occurred over the whole of 
Scotland, Wales, and England (except the south-west coasts), and the north- 
east of Ireland. 

On ther 10th, temperatures below 0° were registered over the centre and 
south of Scotland, the north, centre, and east of England, and part of Wales, 
the lowest readings being —14° at Braemar, —18° at Blair Athol, and —11° 
at Drumlanrig. The area of temperatures below 10° embraced nearly the 
whole of Scotland and the north, east, and centre of England, and part 
of Wales. Temperatures below 20° occurred over the whole of Scotland, 
nearly the whole of England and Wales, and parts of Ireland. 

On the 11th, temperatures below 0° wore registered over the central and 
southern parts of Scotland, and in Derbyshire, the lowest readings being 
— 17° at Braemar, and —11° at Buxton. Temperatures below 10^ occurred 
over the greater part of Scotland, and the north, east, and midland districts 
of England, and below 20° over the whole of Scotland, the greater part of 
England, and also in Wales and Ireland. 

On the 12th, temperatures below 0° were registered over the south of Scot- 
land, the lowest reading being — 8° at Drumlanrig. Temperatures below l(f 
occurred over the north, centre, and south of Scotland, the north, east, west, 
and other parts of England, Wales, and parts of Ireland. The area of 
temperatures below 20° embraced almost the whole of the British Isles. 

On the 18th, temperatures below 0° were registered over the centre and 
south of Scotland, the lowest reading being —7° at Braemar. Temperatures 
below 10° occurred over the central and southern parts of Scotland, the 
greater part of England and Wales, and the centre of Ireland. The area of 
temperatures below 20° embraced almost the whole of Scotland, England, 
and Wales, and parts of Ireland. 

On the 14th, the lowest minimum reported was —7° at Drumlanrig. 
Temperatures below 10° occurred over parts of Scotland and England ; and 
the isothermal line of 20° embraced almost the whole of Scotland, England, 
and Wales. 

On the 15th, temperatures below 10° were reported from Leicestershire 
and the south of Scotland, the lowest being 8° at Loughborough. Tempera* 
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tores below 20° occurred in the north and south of Scotland and the greater 
part of England and Wales. 

On the 16th, the temperature fell to --11° at Aviemore, and was below 
10° over the centre and south of Scotland. Temperatures below 20° 
occurred over the greater part of Scotland, and several parts of England and 
Wales. 

On the 17th, the temperature fell to —11° at Avlemore, and —9° at 
Braemar, and was below 10° over the central parts of Scotland, and the east 
and south-east of England. Temperatures below 20° occurred over nearly 
the whole of Scotland, and most of the southern half of England, and part of 
Wales. 

On the 18th, the temperature fel to —11° at Aviemore, and —7° at 
Braemar, and was below 10° over the central part of Scotland. Tempera- 
tares below 20° occurred over the greater part of Scotland and England, 
and parts of Wales and Ireland. 

On the 19th, the temperature fell to — 8° at Aviemore and Braemar, and 
was below 10° over the central and southern parts of Scotland, tempera- 
tures below 20° occurred over almost the whole of Scotland, and at several 
places in England and Ireland. 

On the 20th, the temperature fell to —5° at Braemar, and 0° at Drumlan- 
rig, and was below 10° over the central and southern districts of Scotland. 
Temperatures below 20° occurred over nearly the whole of Scotland, the 
north-west and other parts of England, Wales, and the north-west of Ire- 
land. 

After this date no readings below 10° were recorded, although frost 
oocorred on every day, during the remainder of the cold period, in some part 
of the British Isles. 

Mean Tbmperatubbs. 

Table I. gives the mean maximum and minimum temperatures at a number 
of stations for January and February ; for the period of intense cold, January 
26th to February 19th ; and also for the whole period, December dOth to 
March 5th. 

On Plate 5 are given charts of mean temperature for January and 
February, and also for comparison Dr. Buchan's charts of the average 
temperature for the period 1857-1880. From these charts it will be seen 
that the mean temperature of the British Isles for January was about 7°, 
and for February was from 11° to 20°, below the average. 

On Plate 5 are also given the charts of mean temperature for the whole 
period, December 80th to March 5th ; and for the period of intense cold, 
January 26th to February 19th. 

Table 11. gives the number of times during January and February the 
maximum temperature was 82° or below, 25° or below, and the lowest read- 
ing ; as well as the number of times the minimum temperature was 20° or 
below, 10° or below, and the lowest reading. 

The intensity of the frost may be gathered from the fact that there were 
10 days on which the temperature fell below 0°, and 28 days on which it 
was below 10^, in some part of the British Isles. 
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TABLE I.— MsAN BfAxmuii axd Mimdcum Tucpebat9BI8. 





January. 


February. 


Jan. 26 to 
Feb. 19. 


Dee. 30 to 1 
Mardi 5. , 


station. 












1 


• 

H 


• 


• 

a 


• 

.a 




• 


1 


• 

i 


SCOTULMD, N. 

Somborgh Head 


o 

37*7 



31-3 



37*5 



29*0 



35*6 


26*8 


e 

37*5 


29*9 


Deernees 


376 


309 


368 


29-8 


349 i 27*91 


37*2 


300 1 


Stornoway 


387 


29*6 


411 


274 


38-9 


24*6 


397 


28*6 


Soonrie 


405 


278 


39*9 


24*1 


377 


21*2 


40*2 


26*0 


Wick 


37*5 


278 


37*4 


24*0 


35*4 


21*2 


37*4 


26*2 


Glencarrou 


352 


239 


35*2 


22*6 


32*2 


I8*4 


35*4 


23*4; 


Fort Aagustus 


361 


235 


369 


21*6 


33*8 


17*5 


36*6 23*0 


Fort William 


37*3 


27*2 


370 


25*1 


33*9 


21-8 


37*3 


26*6 


SCOTLAMD, £. 


















Nairn 


36*2 


247 


367 


17*3 


337 12*5 1 


36*5 


21*9 


NewPitsligo 


35*1 


253 


35*2 


21*8 


33*8 


i8*4 


35*2 


23*8 


Aberdeen 


36*1 


27-0 


35*4 


22*9 


32*6 


19*9 


360 


25*5 


Logie Coldatone 


33*4 


224 


323 


19-4 


29*1 


15*2 


33*1 


21*4 


Bracmar 


31*6 


180 


30-6 


12*3 


27*1 


6*9 


3**3 


i6*i 


Fetteroaim 


36- 1 


25-1 


365 


19*3 


337 


16*2 


36*6 22*9 1 


Montrose 


35*0 


26*0 


35*3 


22*5 


326 


19*9 


35*5 


24*6 


Lednathie 


34*o 


217 


35*1 


171 


32*1 


13*6 


34*6 


20*1 


Oohtertyre 


35*8 


248 


38-9 


217 


35*3 


18*5 


37'6 


238 


Stronvar 


34-0 


21*3 


370 


18-5 


32*8 


15-6 


357 


20*6 


Dollar 


35*6 


27*5 


35*4 


24*1 


33*4 


22*6 


35*9 


26*3 


Leith 


37*5 


«7-i 


38-5 


24*8 


35*6 


22*2 


384 


26*5 


Edinburgh 


362 


27*5 


37*1 


254 


34*o 


22*9 


37'o 


26-9 


Marobmont 


351 


253 


34*2 


24*1 


317 


21*1 


34*6 


25*0 


Stobo 


34*4 


187 


33*2 


15-8 


29*7 


12*1 


34*5 


18*0 


Hawiok 


340 


22*5 


34*5 


20*5 


31-6 


17-4 


348 


22*1 


England, N.E. 












• • 


v^ ■ 




Alnwick 


360 


279 


35*1 


25*4 


32*6 


23*5 


357 


27*0 


North Shields 


37-6 


275 


36*9 


255 


34*3 


23*6 


37*5 


26*8 


Durham 


35-1 


254 


35*8 


23*3 


33*1 


20*3 


35*8 


24*7 


Aysgarth 


332 


247 


33*0 


21-6 


299 


19*0 


33*3 


23*6 


Scarborough 


377 


287 


367 


27-0 


33*6 


248 


379 


28-1 


York 


363 


26*2 


364 


22*9 


33*6 


20*0 


36*7 


25*0 


Spurn Head 

England, E. 


37*9 


30-8 


35-6 


28-8 


33*9 


26*8 


36*9 


29*8 


Hillington 


366 


24*8 


35*6 


21*5 


32*8 


16*6 


36*4 


23*8 


Yarmouth 


37*5 


28-8 


34*8 


26-9 


32*6 


23*6 


36*4 


28*0 


Geldeston 


38-6 


26-8 


363 


22*8 


343 


18*9 


37*9! 25*2 


Cambridge 


37*3 


268 


36*9 


20*7 


33*8 


16*5 


37*5 


24*3 


Bothamstcd 


365 


273 


34*3 


206 


311 


16-4 


35*8 


24*6 


Midland Counties. 












• 


«#«^ 


• 


Hesley Hall, Bawtry 


362 


25*9 


366 


20*5 


33*5 


16*4 


367 


2^*0 


Belvoir Castle 


35*4 


25*0 


344 


20'I 


31*7 


i6*i 


35*3 2v^ 


Loughborough 


36-9 


25-8 


36-6 


17*3 


337 


12*2 


37*1 


22*5 


Ketton 


367 


26-1 


364 


17*5 


33*2 


13*3 


37*o 


22*8 


Cheadle 

Solihull 

Churchstoko 


34*9 
35*1 
35*7 


25*5 
. 26-9 

24*1 


33*8 
33*9 
33*6 


23*0 

20*9 

18-9 


309 

309 
30*9 


20*1 

17*4 
15*2 


34*8 
34*9 
35*1 


247 
24*6 

22*2 


Burghill 

Cirencester 


37*o 
37*4 


275 
263 


34*9 
33*7 


19*3 

21*1 


321 
307 


15*9 
17*4 


365 
36*0 


24*2 
24*2 


Oxford 

Bnoland, S. 


37*4 


286 


35*4 


21*6 


32*4 


18*3 


36-8 


25*6 


London (Brixton) 

Greenwich 


38-2 
377 


299 
29-5 


35*6 
35*2 


230 

22-8 


32*6 
32-3 


19*8 
19*6 


37*3 
369 


26*9 
26*7 


Cooper's Hill 


37*3 


28*9 


33*8 


22-8 


310 


19*6 


36*1 


26*3 
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TABLE I. — MxAM Maxxmuic and MxNmnif TsHPSBATUBEs^ConttfUM^/. 



Station. 


January. 


February. 


Jan. 26 to 
Feb. 19. 


Dec. 30 to 
March 5. 


















8 


• 

.9 


• 

H 

cS 


• 

a 


• 

H 

OS 


• 

a 


8 « 

CD 'ph 




^ 





^ 


1^ 


S 


^ 


^ 


^ 


Enolamd, S.—Continued. 


o 




















North Foreland 


38-9 


305 


34*3 


26*1 


325 


237 


368 


28-6 


Strathfield Turgias 


377 


279 


362 


19-1 


330 


16*4 


374 


24*1 


DnngeneBS 


389 


30-1 


34*9 


237 


327 


21-3 


37*o 


27* I 


St. Leonard's 


38-4 


30-3 


343 25-8 


317 


235 


36-6 


282 


Southampton 


39-8 


29-9 


37*5 239 


345 


21'4 


391 


274 


HoretCasUe 


40*1 


31-5 


35 9 


255 


33*9 


23*6 


38-5 


28-8 


Stowell 


377 


273 


33*9 


217 


31*6 


18-5 


36-3 


25*0 


Scotland, W. 


















Laadale 


389 


26*9 


377 


25*1 


34*4 


23*2 


387 


26*2 


Dtmtreath ... 


35*8 


• • • 


37-2 


22*2 


33*2 


. .• 


37*0 


• * • 


\7Xoll|J\/ W ... ... ... ... 


35*6 


27-5 


35*5 


246 


323 


22'2 


35*9 


26*6 


Ardrossan 


37*3 


28-8 


37*5 


255 


341 


230 


37-8 


27-8 


Drumlanrig 


37-6 


24*5 


371 


15-8 


348 


13*8 


377 


21*1 


Olenlee 


35*4 


243 


34*1 


i8-i 


315 


157 


35*3 


22*1 


Gronkbonme, Isle of Man 


39*4 


31*6 


38-1 


26*9 


35*9 


26-2 


38-9 


29*6 


Enolamd, N.W. 


















Hawes Junction 


31-9 


21'5 


303 


19-0 


277 


16-3 


31*3 


20*5 


Stonyhurst ... 


350 


27-4 


34*1 


243 


31*6 


21-8 


34*9 


26-3 


Blackpool 


38-4 


26*9 


35-8 


227 


343 


20'0 


37*5 


255 


Prestwioh 


366 


26*4 


351 


23*1 


327 


20*9 


364 


25*1 


Bidston 


369 


298 


345 


25*0 


324 


23*1 


36*1 


280 


Llandudno 


39-3 


322 


36*2 


273 


34*4 


25*3 


381 


30-2 


Holyhead 


405 


33*3 


37*2 


28-3 


35*6 


267 


39*2 


31*2 


England, S.W. 


















Llandovery 


377 


23-9 


362 


i8*4 


330 


14-5 


37*4 


21-8 


St. Ann's Head 


41-8 


34-8 


37-0 


279 


35*3 


266 


397 


31-8 




38-6 


295 


355 


22*2 


329 


19-3 


37-8 


26*5 


Arlington 


386 


29*0 


335 


22*9 


31-3 


207 


365 


26-5 


Gnllompton 


39-8 


28-3 


36*1 


227 


33*9 


20'2 


38-5 


26-4 


Prawle Point 


42*2 


31*9 


37*3 


28-6 


35'5 


26*8 


40*1 


30-4 


Plymouth 


41*3 


31-8 


38-0 


286 


36*0 


26*1 


40*0 


30-5 


FiUmouth 


428 


33-8 


38-2 
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233 


37-8 
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372 
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37*5 
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35-1 
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377 
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31*2 
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39*1 
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399 
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407 
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34" I 
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9 
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9 
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8-6 
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'3 


5 
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■3 
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G 
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13 
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3 
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23"* 






2f9 






to 


3 
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27-6 


5 
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ig'i 


'e 




'3 


7 
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1 




3l'o 


6 
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4 




'7 
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9 




a5-6 


ir 


I 


33-5 


4 




13-6 


13 


I 


9"5 
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4 




i70 


6 




25'g 


i 




i6'o 


7 




ie-8 
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7 




ig-o 


7 
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'? 






5 
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4 




239 


S 


3 


22-3 


3 




15-0 


7 




bb 








320 


6 


3 








190 


6 


... 


13-0 
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^9-4 


7 




25-4 


7 




80 


14 


8 




GlsoUo 


6 
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4 
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14 


8 
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34'9 


3 
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... 
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4 
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16 : I 
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16 


fi 


ig-o 
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'4 


4 


3*0 
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7 - 


37-5 






^3-7 


3 




'«:9 


8 




IO-5 


Bloekpool 






276 


6 




13,3 


7 










9 '9 
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»9-8 


7 




zi'S 


7 




.6-9 






ii,-6 


BidBton 


6 




87-0 


S 












7 












33-0 


6 




25-5 






^■8 


4 




>7'S 


Holybesd 






330 


4 




27'0 






28-0 






>7-o 


EwouNti, S.W. 
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270 


9 
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3 






•5 


5 


3-0 
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30-0 


5 




zg-o 






'7 








23-0 
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3 
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7 




35-8 






18 








10-5 
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4 
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16 
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28-4 


6 




i5-B 


3 




15 


6 


7 
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't 
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34'o 
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5 
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27-0 














32'0 
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3 




14'S 
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3i'o 
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28-0 


3 






9 




5-0 


Belmollet 








3 




30-0 












230 
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31 Q 






30'0 






.6-3 


5 




1-6 
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33'0 
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5 
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4 
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ag-o 


4 
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3 
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4 


3 


60 


Kilkenny 
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3 
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3 






Bocha'8 Point 






36'o 
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27-0 






250 
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::: ... 
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17-3 
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J3 
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19-5 
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V»lenoU 
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Atmosphsbio Pbesbube. 

During the period under review the distribution of atmospheric pressure 
over the British Isles was almost entirely the reverse of the normal. The 
pressure in January was lowest in the south, and highest in the north, the 
conditions being favourable for strong Northerly and Easterly winds. In 
February the conditions wore more decidedly anticyclonic, but still the 
pressure was low in the south, the result being that the general direction of 
the wind was from the North-east or East. 

It was owing to the persistent winds that prevailed during nearly the 
whole of this period that there was but little, if any, fog. This was one of 
the most remarkable features of the recent frost, as former frosts have 
almost invariably been accompanied with quiet anticyclonic conditions and 
consequently much fog. 

Snow fell in the north on several occasions, and owing to the strong winds 
which blow at the time heavy snowdrifts occurred, which in many instances 
in Scotland completely blocked the railways. On February 8th a heavy fall 
of snow occurred over the north of Ireland and the Isle of Man, the melted 
snow at Donaghadee producing 1*59 in. of water. 

Death Rate. 

The effect of the cold on the public health was very great, especially on 
young children and old people. The total number of deaths in London vras 
below the average till the week ending February 2nd, after which they rose 
with great rapidity until March 9th, when the registered number of deaths 
for that week was 8,471, or 1,588 above the average — the death rate being 
41*2 per thousand. After this the number of deaths rapidly decreased, and 
by March 80th had almost fallen to the average. The dotted line shows the 
average death rate. (Fig. 1.) 

The number of deaths due to diseases of the respiratory organs rapidly 
increased from February 2nd to March 2nd, when they were 1,448, or 945 
above the average. They were slightly less during the next week, after 
which they declined to about the average by the end of the month. (Fig. 1.) 

The number of deaths according to ages is shown in Fig. 2 ; from 
which it will be seen that there was comparatively little effect of the cold 
on people in vigorous health — that is between 5 and 40 years of age. The 
effect on middle aged people — that is between 40 and 60 — was very pro- 
nounced, the deaths rising from 824 on February 2nd to 669 on March 9th. 
Children under 5 years of age suffered severely, the deaths rising from 462 
on January 26th to 1,018 on March 9th. The effect of the cold on old 
people — that is above 60 years of age — was most remarkable, the number 
of deaths rising from 487 on February 2nd to 1,881 on March 2nd, and 
1,868 on March 9th ; being an increase of more than three times the number 
in four weeks. 

Seating. 
As a result of the frost, rivers, lakes, ponds, &c., all became fast bound 
in ice, and afforded ample scope for skating. In Regent's Park skating was 
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Ifil 



permitted od the lake from Jannary 9th to 18th, and from the 29th to March 
8th, — in all a period of 44 days. The ice was 10 inches thick on Febru- 
ary 18tb. 

The Serpentioe in Hyde Park is not thrown open for skating bo much as 
fbnoerly, aa the anthorities wiU not allow the public to go on the ice until it 
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Fio. 2.— Deatha in London aooonUng to age*. 



has attuned a considerable thickness. There was skating on the Serpentine 
from Febroary 6tb to 21st. The ice was 7| inches thick on the 19th and 20th. 
Vast nambere of people skated not only on the lakes in the London Parks, 
but also on all sheets of water all ovur the country. The railway companies 
ran special trains for skaters to Lake Windermere and Loch Lomond. I'he 
following extract from Tha Wettmoreland Gazette, February 16th, will give 
some idea as to the enthusiasm with which skating was taken np : — 

The lakes, chief among them Windormere, have been fast bound in ice. On 
Monday morning Windermere was one sheet of black ice, contrasting in this 
re«pect with most, if not all, of the other lakes, where the ice was spoilt by 
■now. The news of the freezing of the lake soon spread, and during the 
present week Windermere bos been visited by thousands of skaters, as well it 
might, oonsiderine that the opportunity of skating over between three and four 
thousand aeres of ioe does not occur more than twice or thrice in a lifetime. 
That BowneSB should be the great skating centre was inevitable, from its prox- 
imity to the railway station at Windermere and its accessibility to a consider- 
able looal population. Since Saturday the shore and the surface of the lake 
bare jiresented a scene of the greatest animation, Troops of well dressed fo^, 
earrymft skates, have hurried down from the station, the crowds increasing as 
the week progressed. On Wednesday, when there were cheap bookings from 
Liverpool and Manchester, and a special train from Lancaster, the number of 
MTMBS on the lake ooold not have been less than 2,000. The Bowness Urban 
Diitiiet Goouoil early took measmres tending to the preservation of skaters from 
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riak« and their rescue in the event of accident. Bopee and ladders were 
deposited at varioos points along the diore ; two men were appointed to keep 
watch, and at places where there were signs of weak ice, flags were planted. A 
row of flags was fixed along the north side of the track kept open by the ferry 
boat, which has plied to and fro as nsoal. Skaters wic^dng to get past Ferry 
Nab had to cross a small portion of the shore in order to So so. At a danger- 
ous bit near Henholme a red lamp was put np to warn off skaters who ventured 
near after dark. Bonfires were lighted in firont of the promenade, and Mrs. 
Bichards, with her characteristic thoughtfhlness, had a tall electric lamp put up 
on the lawn of the Old England Hotel. The boatmen were enabled to n^e a 
little money by putting on and taking off skates, using their cushion-houses for 
the purpose. Befireshments were served out on the ice, and two or three photo- 
graphers were employed at intervals in " taking ** groups of skaters. A brass 
band has been stationed on one of the islands, and to its strains many of the 
skaters have indulged in waltzing. On Wednesday, Mr. Geo. H. Pattinson, 
chairman of the Urban Council, drove across the ice in a sledge u> the shore 
of Belle Isle. His example was afterwards followed, and his performance im- 
proved upon by a man in the employ of Mr. John Grosthwaite, who, with two 
other gentlemen, drove tandem over the ice. As night draws on, the skaters, of 
course, get fewer, but some of the more ardent, desirous perhaps of enjoying 
the novelty and charm of skating by moonlight, have skated far mto the mp:ht. 
To such, the scene and the situation must have been of an impressive kmd. 
The ice, smooth and clear, reflects the whitened hills like a mirror, and the echo 
of the ringing steel imparts a solemnising effect. 

Mr. B. Waters, writing from Bowness on March 16th, said : '* The lake 
is still covered with thick ice, with only here and there an open space. A 
gentleman skated from Bowness boat-landings to Henholme on Wednesday 
last, March ISth." 

In the Fen district the ice was in some places 2 feet thick. 

At Oxford a coach and six was driven over the Cherwell. (A photograph 
of this was shown to the meeting on the screen.) 

On the Grand Junction Canal traffic was stopped for 82 days, alihcagh 
the ice boats, which are able to break and make a fair way through ice 7 to 
8 inches thick, wore kept running as long as possible. 

Ice on the Thames. 

Capt. D. Wilson-Barker, of H.M.S. Worcester, off Greenhithe, has sup- 
plied the following notes as to the ice on the Thames : — 

**Tho ice floes began toaccamulate at Greenhithe (18 miles below London) 
on February 7th, and daily got thicker until, on the 9th, nearly all commu- 
nication, except for an hour or two at the top of high water, was completely 
cut off ; and it was only by means of a hawser, rigged to the shore from the 
main topmast head, that we could get our mails off. 

*' From the 9th to the 17th the whole river was more or less completely 
blocked with ice, and there was little traffic, it being quite impossible for 
full-powered steamers to force their way up or down except with the tide. 
Barges were floating about adrift in all directions, and the ice floes were 6 
and 7 feet, and even more, thick. But the ice was generally soft and 
brashy, and it is likely that much of it was due to the cartloads of snow 
which were shot into the river in London, and which from lying in the carts 
had become more or less compacted together, and practically went into the 
river as a semi-solid lump. 
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'* The tides appeared to have heen affected to a certain extent, and to 
have been somewhat irregular. 

"In 1861, from about January 22nd to 29th, the river presented a some- 
what similar spectacle, but the quantity of ice was not so great, and com- 
munication with the shore was much better kept up.'' 

Earth TsifPERATURRS. 

Table m. gives the lowest observed readings of the earth thermometers 
at the Society's stations from 8 inches to 2 feet below the surface. From 
this it will be seen that at the majority of the stations the temperature at 
1 foot did not fall much below 82^. Three stations, however, report tem- 
peratures at 1 foot of nearly 28^, viz. Aspley Guise, Lowestoft, and Regent's 
Park. At the last two of these stations the thermometers have long tubes 
with their scales some 6 inches or more above the surface of the ground 
and this construction does not permit of verification at the inspection of the 
station. At the other stations the thermometers used are those known as 
Symons's pattern, or a modification of the same. 
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1895. 












3 inches. 


6 inches. 


I foot. 1 


2 feet. 


St&iion. 
















h^ VC«lM%/ AJ . 




Min. 


Dal 


:e. Min. 


Date. 


Min. 


Date. 


Min. 


Date. 


Bonnton 




o 

• • • 


• • « 



... 


• • • 



320 


20 




• • • 


• • • 


North Thoresby ... 




28*4 


I] 


[ 308 


14 


32-2 


16 


34-8 


16 


Somerleyton 




• • • 


• • 


» • • • 


• • • 


33*0 


20 


• • • 


• • • 


Lowestoft 




• • • 


• • t 


» • • • 


• • • 


28*2 


21 


319 


19 


Bennington 




• •• 


• • 1 


• • • 


• • • 


32-0 


17 


• • • 


• • • 


Hodtook 




• • • 


• • « 


• • • 


• • • 


322 


17 


• • • 


• •• 


Soathwell 




• • • 


• • 1 


» • • • 


• • • 


32-0 


12 


• • • 


• • • 


Aspley Gnise 




26-6 


IC 


> 27*3 


10 


28*4 


14 


32-4 


17 


Berkhamsted 




• «• 


• • 


1 • • • 


■ • • 


306 


14 


32-9 


17 


Begent*B Park ... 




• • • 


• •< 


t • • • 


• • • 


28-2 


H 


340 


19 


Norwood 




• • • 


• • 


» • • • • • • 


321 


17 


• • • 


• • ■ 


Wallington 




• • • 


• • 


I • • • 


• • • 


304 


18 


• • • 


• • • 


Tnnbridge WelU ... 




• •• 


• • 


» • • • 


• • • 


31*9 


17 


• • • 


• • • 


Marlborough 




• •• 


• • 


28-0 


12 


31-0 


17 


■ • • 


• • • 


Harestook 




• • • 


• • 


> • • • 


• ■ • 


317 


15 


34*4 


27 


Stowell 




• • • 


• • 


> • • • 


. ••• 


31-0 


15 


• • • 


• • • 


Margate 




• • • 


• • 


317 


15 


326 


17 


• • • 


■ • • 


Worthing 




• • • 


• • 


1 • • • 


• • ■ 


328 


18 


■ • • 


• « • 


Portamoath 




• • • 


• • 


> • • • 


• • • 


32-0 


• • • 


■ t • 


• • • 


Bolton 




• • • 


• • 


274 13 


310 


13 


332 


23 


Bonsdon 




• • • 


• ■ 


» • a • 1 • • • 


317 


16 


35*5 


22 


Tavintook 




• • • 


• • 


321 ' 18 


334 


23 


. • . 


• • • 



Frozen Water Mains. 

The frost wiD long be remembered for its eflfect on the water pipes all 
over the country, in many cases householders being without water for more 
than nine weeks. 

Mr. £. Pritchard, M.Inst.C.E., of Birmingham, who has been making 
inquiries on this subject at about GO towns in various parts of the country, 
informs us that mains have been frozen which were laid so low as 8 ft. 8 ins. 
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and 8 ft. 6 ins. respectively from the surfiuse of the ground to the top of 
the pipe. The following are the depths at which mains have heen froz^i at 
several towns : — 





. 




ft. 


iD. 








ft. 


in 


Alcester ... 


••• 


• •• 


2 


6 


London — G. J. 


W. 


• •• 


2 


4 


Brain tree. 


• •• 


• • • 


2 


6 


Maidenhead 


r 
a. • 


• •• 


2 


6 


Burnley 


• • » 


• •• 


2 


6 


Musselburgh 


• •• 


• •• 


8 


1 


Bury 


• • • 


• •• 


8 





Nuneaton 


• • • 


• • • 


2 


6 


Canterbury 


... 


... 


2 


6 


Oxford ... 


• • • 


... 


2 


8 


Cheltenham 


••• 


• • • 


8 





Rhyl 


... 


• • • 


2 


2 


Chester .•• 


• • • 


... 


2 


8 


Botherham 


... 


... 


2 


6 


Chesterfield 


. • . 


• . • 


2 


4 


Sale 


• • • 


• • a 


8 





Coventry 


• . • 


. • • 


2 


6 


Shrewsbury 


» a . 


m f 


2 


6 


Darlaston 


• • • 


••• 


2 


8 


Southport 


. • • 


• •• 


8 





Droitwitch 


... 


• • ■ 


2 


8 


Stratford-on-Avon 


• • • 


2 


6 


Dudley ... 


. • • 


• • • 


2 


6 


Swansea . . . 


. • • 


• • • 


2 


2 


Halifax... 


. • • 


• • • 


2 


6 


Tamworth 


• a. 


a . • 


8 


8 


Handsworth 


• • . 


• • • 


2 


6 


Twickenham 


... 


• •• 


8 


4 


Hereford 


... 


• • • 


8 


6 


Wakefield 


• • • 


a • a 


2 


2 


Ipswich ... 


•• • 


• • • 


3 





Warwick 


• •• 


• •• 


2 


G 


Kenilworth 


* • • 


• • • 


2 


8 


Wednesbury 


* • . 


• • • 


2 


6 


Kidderminster 


... 


• • • 


2 


4 


West Bromwich 




• »» 


2 


10 


Leamington 


• • • 


• ■ • 


2 


8 


Weston-super-Mare 


• • a 


2 


8 


Leicester 


* • a 


• • • 


3 





Worcester 


• .• 


a a a 


2 


9 


London — E. L. 


w. 


• • • 


3 


2 


Workington 


. • • 


• • • 


2 


9 



Mr. W. B. Bryan, M.Inst.C.E., the Engineer of the East London Water 
Company, informs us that '* the frost has been very erratic, and that the 
nature of the soil appears to have had far more to do with the depth to 
which the frost penetrated than the intensity of the frost itself. In one case 
the main was frozen at 8 ft. 2 ins., and in many other cases of mains not 
more than 2 ft. in depth not a single case of freezing occurred." 

Mr. Ja Hall, Assoc.M.Inst.C.E., the Water Engineer of Cheltenham, 
writes that *' the greatest depth to which the frost was found to have pene- 
trated here varied from 2 ft. 9 ins. to 2 ft. 10 ins., but pipes have been 
burst at over 8 ft., and water mains full of ice have been found at nearly 
4 ft. in depth, but there appears to be some reason to account for the action 
of the frost at greater depths than 2 ft. 9 ins. In all cases the main which 
has been burst or filled with ice at the extreme depths has, tcithin a short 
disuince^ been less than 2 ft. from the surface, and I am of opinion that the 
ice has been formed in the following manner : The water flowing through the 
pipes has been at, or very closely below, 82°. When at this temperature it 
would be only just prevented from freezing by being in motioua When the 
private supply pipes were frozen there would cease to be any demand for 
water in the pipeSa The water would then become stationary, and crystal- 
lisation would commence, resulting in the mains being fiUed with ice.** 
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In nearly all cases the mains which were frozen were nnder 6 ins. in 
diameter. 

It most be borne in mind that but little snow fell daring the period, and 
consequently the frost was able to penetrate into the ground without check. 

Effects on Andcal and Veoetablk Life. 

The intense cold caused great destruction in animal and vegetable life. 
Babbits, hares, and game especially su£fered, large numbers being frozen, 
and the remainder being in a great measure only kept alive by artificial food 
on the moors and fields, and in the farm yards. Deer left the forests in 
Scotland, and came in herds to the different farm yards, and to the numerous 
trains which were embedded in the snow, for warmth and food. The spec- 
tacle of the seagulls on the Thames will not soon be forgotten — how many 
were kept alive by food thrown on to the ice, and how many succumbed 
to cold and starvation. 

In the vegetable kingdom there has also been great destruction. Wall- 
flowers, calceolarisB, and roses have especially suffered, and in many places 
have been completely destroyed. A great many of the hardy shrubs, such 
as the Portugal laurel and euonymus, have perished, and even those which 
have not died have been greatly ix^'urod. The evergreen oaks, so common 
in the south of the United Kingdom, have lost their leaves, a circumstance 
which only occurs in the severest frost. 

Comparison with previous Frosts. 

With the view of comparing the late frost with those of previous years, 
we have compiled Table IV., which shows for London and its neighbourhood 
the number of times in each month of every winter from 1786 to 1895, the 
maximum temperature was 82° or below, 25° or below, and the lowest 
reading ; and also the number of times the minimum temperature was 20° or 
below, 10° or below, and the lowe it reading. The values given in this table 
have been extracted from — 

1. (1786-1807) Bent's Meteorological Journals, Paternoster Row. 

2. (1808-1818) Howard's Climate of London, Plaistow and Stratford. 
8. (1814-1895) Greenwich Observations. 

For the purposes of this paper we have considered the winter months to 
be November, December, January, February, and March. 

On examining the table it will be seen that in no single month throughout 
the whole period have there been so many minima readings of 20° or below 
as in February 1895, the nearest approach being in February 1855 and in 
January 1881, when there were 10 such instances; but in each of these 
cases there were no minima of 10° or below, whilst in February 1895 there 
were two such readings. 

On looking at the number of times the maximum was 82° or below, it will 
be seen that February 1895, when there wore 11 such readings, has been 
exceeded several times, viz. January 1795, 21 ; January 1818, 15 ; 
January 1814, 25 ; February 1814, 14 ; January 1820, 18 ; January 1822, 
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265 
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TABLE IV.— Ndiibeb of Ditb n : 
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1837-8. 
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Maiimam, 
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1888-9. 
January.. 
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March .. 
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■892-3. 
December 
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j 

3 

5 

5 

10 

3 

3 
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u 


a 
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si 
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3 

3 
'f 

5 

5 


11 

- 


19'8 
18-9 
.87 
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'3-4 

'7-3 
I8-8 

17-6 
»-8 


8 
fi 

6 

3 
3 


"' 


28-9 

30'4 

2S-5 
27-1 

14-0 

i". 
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28-8 
26-0 

J9-= 

ig-71 


'■'■ 


'T* 

131 
194 

" 
i3'7 
17J 

»-7 

•5'5 
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iS'V 


■; 
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26-9 

^4 

26-2 

31-4 

38-8 
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igt 
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18; Jftunary 1888, 18; Jnnnary 18C7, 12; Jannary 1881, 12; Bud 
Decombcr 1800, 10. 

The combination of sucli a large number of low maxima and minima tom- 
peratarcs makes the month of February 1895 unique, bo far &a London is 
concerned, since 178C. Tlie long continuance of the frost, combined with 
its Bcvority, points to the conclusion that during the laet 110 years the 
winter of 1894-5 has only boon exceeded by tlioso of 1818-4 and 1794-6; 
and it is within the boiinds of possibility, when wc consider the imperfection 
of the thermometers of those early limes, and the fact that regist^ing ' 
instniuients had been but recently invented, and were by no means common, 
that the winter of 1891-5 may ovon have exceeded in ecvority the two 
winters just mentioned. 

In conclusion, wc have to express onr thanks to all those gentlemen who 
have kindly favoured ns with in fon 11 at ion, and also to the mcmbors of the 
staff in tlic Society's olVicc for assistance in working up the data. 
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DISCUSSION. 

Mr. H. SouTHALL expressed his appreoiation of the careful manner in which 
the factd had been marshalled by the anthers of the paper. He gave various 
particulars conceminier the thiclmess of the ice on the river Wye at Boss, during 
some of the severe winters from 1789 to the present year, and said that in the 
winter of 1814 snow fell to a very great depth, covering the hedges, and by 
alternate freezing and thawing the si^&ce became so hard that people walked 
over hedges for miles. This cold period was known in Ross as the *' twelve weeks* 
frost,*' but, as was ihe case in the recent frost, there was a break of one week of 
mild weather. The cold period in the winter of 1818-4 commenced on December 
26th, and terminated on March 19th, a period of 84 days, whilst in the frost of 
1894-5, out of 88 nights, ending March 19th, on 77 there was frost registered, 
the mean temperature of the whole period being only slightly in excess of that 
recorded in 1818-4. The effects of the recent frost on vegetation did not 
appear to have been so disastrous as in some preceding periods of severe cold. 

Mr. C. L. Prince said that the temperatures recorded at his observatory at 
Crowborou^h, in Sussex, 774 feet above mean sea level, were the warmest in the 
county dunng the frost. The lowest minimum in the screen was 12^*8, and on 
the grass 5°*8, and at no other time did the thermometer in the screen fall below 
14^. The mean temperature of February was 27°'4, and was the lowest in any 
month during the 52 years over which his register extended ; December 1890, 
with a mean of 2^*4, being the next lowest, these two months being the only 
instances of a mean temperature below 80°. At Buxtead Park, 6 miles south 
fit)m Crowborough, and 150 feet only above sea level, the lowest temperature 
registered during the recent frost was — 4° ; and at Tunbridge Wells, which 
was 7 miles distant from Crowborough in a north-easterly direction, the ther- 
mometer in the screen registered 4°, while an exposed thermometer read — 1°, 
and one on the ground — 18°'2. From the morning of January 20th, 1888, a 
temperature below zero had not been recorded in Sussex (except on the tempera- 
ture of radiation from grass or snow) until February 1895. 

Mr. P. BiCKNBLL said that 44 days had been given as the number on which 
skating was allowed at Regent's Park, but in the grounds of the Toxopholite 
Society, where the London Skating Club met, skating was continuous for 50 
days, and the ice was 11 inches thick. At Swavesey Fen, his son measured the 
iee and found it to be 2 feet thick. 

Mr. C. L. Pbince remarked that at East Grinstead the ice was 18^ inches 
thick, a loaded four-in-hand had been driven at a trot round and round Hedge- 
court Lake to the extent of about a couple of miles, and not the slightest frac- 
ture was occasioned. 

Mr. G. J. Stmons said that the burst water-pipes appeared to be the effect of 
the lack of snow covering on the ground, as the quantity of snow which fell 
was insignificant and practically useless for the purpose of protecting the soil 
from the inroads of the frost. The water, too, that was distributed into the 
mains was almost at a t-emporatiure of 82°, and it was hardly to be wondered 
at that it speedily froze. It would be interesting if some physicist would state 
whether water under pressure froze at the same temperature as water not under 
pressure, and what influence motion had on the process of freezing. 

Mr. M. Jackson said that the minimum temperatures at Tonbridge, where he 
resided, occurred on February 7th and 8th, the readings being — 6"-0 and — 6°*6. 
It would be intere9tin|; to ascertain the cause of these periods of severe cold. 

Mr. C. Harding said that it was hardly correct to define the recent firost as 
extendiujg^ from December 80th to March 5th, seeing that there was a week of 
mild weather in Januarv, when the temperature was much above the average. 
It appeared to be desirable to arrive at some decision as to what should be con- 
sidered as a frost. Concerning the question of the freezing of water in the 
pipes, it was well known that if water is kept perfectly still, its temperature can 
be as low as 14^ or 16° ; but when stirred it immediatelv becomes ice, and 
the temperature rises to 82°. It was stated in the paper that the recent frost 
was the only one in which the number of days in the month of February on 
which the minimum temperature was below 20° exceeded ten ; but in a table 
printed in his paper on the frost of 1890-1 the period of January 10th to Feb- 
ruary 25th, 1855 was shown to have had 12 days with a minimum of 10° and less. 
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Mr. W. H. Dines said that he had never before seea the oommon fdrze 
damaged by frost as it had been this year. With reference to the fireezing of 
water under pressure, increased pressure lowered the freezing point, but to so 
slight an extent that it could in no way influence the bursting of water mains. 
He could not agree with the authors in ascribing the high death-rate of March 
to the frost. In the first place the death-rate was below the average for the 
first five weeks of the cold weather ; secondly, it reached its maxininin some 
time after the thaw commenced; and, the most important point of aU, it 
occurred in conjunction with an influenza epidemic, and was due chiefly to the 
diseases which always accompany influenza, a similar mortality having occurred 
from the same cause in the extremely mild winter of 1889-90, and again in 
May 1891. 

Mr. W. B. Tripp inquired whether the cold strong wind which blew on the 
evening of Sunday, February 10th, would have been likely to produce any 
effect in reducing the ground temperature, as the wator supply in the neigh- 
bourhood of Isleworth, where he resided, ceased after that date. 



SOME HINTS ON PHOTOGRAPHING CLOUDS. 

By BIRT acres, F.R.Met.Soc. 



[Received March 28th.— Bead April 17ih, 1895.] 

The increasing interest that is being taken in the form, movement, and 
measurement of clouds, and the undoubted superiority of photography as a 
recorder of these phenomena, mast be my excuse for describing my own 
experiences of cloud photography. I shall not discuss the formation of 
clouds, but only give a few hints as to the best manner of securing success- 
ful photographs of the different kinds, although I must confess to an inclina- 
tion to expatiate on the beauty and grandeur of the subject. 

One of the greatest charms of this much abused climato may be found in 
the fantastic forms, the subtleties of colour, and the delicacy of light and 
shade, that follow each other in rapid succession during unsettled weath^, 
particularly in spring and early summer. 

Fortunately, a study of the clouds does not involve expensive joomevs, as 
the dweller in town has almost equal opportunities with his more fortunate 
confrere in the open country ; even in the centre of smoky London the most 
magnificent skyscapes are often mot with — the very presence of smoke, 
soot, and dust adding gorgeously ruddy tints which otherwise would be 
absent. To the observer in the heart of London, of course, the view is 
limited ; but even in the most densely populated places there is ample room 
for observation and enjoyment ; but to appreciate the beauties of cloud and 
sky to the full, it is necessary to reach some open space (such as the Thames 
Embankment or the bridges, for instance) in order that the forms and colours 
near the horizon may bo seen. 

It is true that photography cannot reproduce the glorious colours seen in 
nature, but with proper care and skill, and the choice of suitable apparatus, 
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it may be made to render truthfully in monochrome the most delicate forms 
and brilliant effects of light and shade. The successful photographing of 
clouds is so entirely different from the ordinary run of photographic work, 
that very few photographers succeed in producing even passable results — 
except so far as sunset (sometimes called moonlight) effects are coucemed, 
which are comparatively easy by reason of the enormous contrasts of light 
and shadow which obtain under such conditions. The principal difficulty 
lies in the difference between the visual intensity of colours and their 
action on a photographic plate. It is quite unnecessary for me to state 
that when a ray of white light, is decomposed by a prism, a band of colours 
is produced, ranging from red (the least refrangible ray) through orange, 
yellow, green, blue, and violet, the latter being the most refrangible ray. 

The most luminous colours are yellow and orange, but if we were to 
expose an ordinary commercial photographic plate to this band of colours we 
should find that these bright colours, yellow and orange, had produced no 
effect whatever on the plate, but that all the photographic action had taken 
place in the blue and violet bands, colours which to the eye appear quite 
dark, so that such a photograph would render blue and violet as nearly 
white, whilst all the other colours would appear of one uniform blackness. 

If instead of an ordinary plate we use one that has been corrected for 
colour, that is, by the use of certain colouring matters made sensitive to the 
luminous rays, yellow, orange, &c., and expose it to the same spectrum band, 
we find that the yellow band comes out as light as blue, and green comes out 
much lighter than was the case with the ordinary plate. Now, by the use of 
suitable colour screens, we may cut off, or reduce in intensity, any desired 
part of the spectrum ; and as in this case we wish to introduce the colours 
of the spectrum in their correct monochromatic value, we find it necessary to 
restrain the action of the blue and violet, and so must interpose a pure yellow 
screen. A green screen is not suitable for photographic work, except when 
it is desired to photograph greens and blues only, as the action of green is 
to absorb red and orange, and so lower their intensity. Pure yellow per- 
mits red, orange, yellow, and green to pass without loss ; the blue and violet 
being alone cut off. 

Let us apply these facts to the photographing of sky and clouds. We see 
delicate clouds faintly illuminated against a blue sky, but still to the eye the 
blue of the sky looks many tones darker than the cloud ; yet, in consequence 
of the great photographic activity of blue, a photograph taken on an ordi- 
nary plate, in the usual way, fails to give the white cloud its proper lumin- 
ous value. But if we employ a plate corrected for colour, and interpose a 
pale yellow screen between the sensitive plate and the sky, it will be found, 
on developing the plate, that the proper value of the cloud against the 
darker blue sky has been recorded. 

There are many cases where a screen is not required, such, for instance, 
when it is desired to photograph brilliantly luminous cumuli against an 
intensely dark blue sky ; then, by giving a suitable exposure, the values 
may often be correctly photographed even with an ordinary plate. 
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Appabatus. — ^I have found a magazine hand camera, holding a dozen 
plates of 4^ in. x 8^ in. size, most convenient for cloud work. I keep it 
always charged ready, so that if any special cloud formation presents itself* 
I am ahle to secure that without difficulty. Another advantage of the camera 
held in the hand, is that it can he rapidly pointed to different parts of the 
sky, or a series of exposures can he made at only a few seconds interval of 
the same mass of cloud, &c. I make a rule, however, to always work with 
a lens of one focus for each size camera ; thus my lens for 4^ in. X 8^ in. 
size plate is 6 inches focus, and my lens for 12 in. x 10 in. camera is 
18 inches. My object in doing this is so that I can always ascertain the 
angular measurements of clouds, whereas if I used lenses of various foci, it 
would necessitate marking the negative with the focus of the lens, and conse- 
quently comparisons between one negative and another would not be so easy 
as at present. 

A lens of the rectilinear type will be found the most useful, stopped down 
according to the rapidity of the plate, the intensity of the light, and the 
depth of colour of screen (if any) employed. It is not possible to give 
even an approximate idea of correct exposure, as I have sometimes given an 
exposure of one-thousandth part of a second and secured good results, 
when only white streaks on blue had to be dealt with ; and in other cases I 
have given several seconds to secure a delicate cirrus cloud, employing a 
Nicol prism. 

Plates. — I prefer for general cloud work plates that are known commer- 
cially as ** Isochromatic,'* and the rapidity that I have found most useful is 
the '* medium rapidity.'* 

ExPosuBE AND DEVELOPMENT. — I havc just Said that it is not possible to 
give any idea of correct exposure, but I want to insist on the necessity of 
fiUl exposure. I know that I am not in accord with most workers in re- 
commending this ; but experience has taught mo that with a good moderately 
slow plate better results are obtained by fully exposing the plate and de- 
veloping with judgment, than can possibly be obtained by aiming at a 
mathematically correct exposure. 

I make it a rule always to back the plates, that is to coat the glass side with 
some substance that will absorb any light that may pass through the film, as 
unless this be done the light that passes through the film will bo reflected by the 
under surface of the glass back to the film, and produce a blurred definition — 
technically known as ** halation.*' The amount of blur being dependent on 
the strength and contrast of the lights and shadows, I usually employ for 
this purpose bitumen dissolved in benzene, which, in addition to being very 
effective in absorbing light, has the advantage of drying very rapidly, so 
that the plate can at once be placed in the dark slide. Further, the vapour 
of benzene does not produce any deleterious effect on the sensitive plate. In 
no 009$ should any compound be used which contains turpentine, as the 
vapour of turpentine will cause the plate to become hopelessly fogged ; and 
as this vapour has an affinity for wood, the dark slide will be rendered 
useless, unless it is carefully coated with an alcoholic solution of shellac, or is 
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placed in the open air for a week or so. Bates's black, which may be ob- 
tained from any dealer in photographic material, is a convenient form of 
backing, and in cases where it is intended to expose the plate immediately, 
burnt sienna ground in water, which may be obtained at any oil shop, is 
most effective. This latter backing possesses the advantage of being easily 
removed with a wet sponge before developing the plate ; but it wiU not pro- 
duce any deleterious effect if it is left on the plate during development. To 
remove the bitumen or Bates*s black, use a little benzene on a sponge. It 
is only necessary to remove enough of the backing to enable the opacity of 
the negative to be judged by transmitted light, the final cleaning of the plate 
may be left until after it has been washed and dried. 

If it is desired to coat plates with burnt sienna for use at some future 
time, it is advisable to add a little gum arabic and glycerine to prevent the 
pigment drying up and powdering off, thus producing dust in the dark slide, 
which would cause myriads of pin holes in the finished negative. A prepa- 
ration of caramel has been recommended for backing plates ; but I have 
found bitumen or burnt sienna thoroughly satisfactory. 

As it is of the utmost importance that none of the material used for 
backing should get on to the surface of the film, the easiest way is to lay 
the plate face downwards in the dark slide and then carefully paint the back 
with a camel's hair brush, if bitumen is used, or a moistened sponge or 
piece of clean rag if burnt sienna is used. When a plate is backed a much 
more prolonged exposure may be given than is permissible with an unbacked 
plate. 

Dbvelopment. — Before commencing to develop a plate see that the dark 
room light is safe, that is to say, if you are using a plate sensitive to yellow 
and orange, the medium through which the light is filtered, be it glass or 
fabric, should be as nearly pure red as possible. Ruby glass cannot be 
relied upon for the purpose. I have examined large quantities of ruby glass 
with the spectroscope, and I have invariably found that it lets through a 
large quantity of yellow and green light, to say cothing of orange. The 
best medium that I have come across is the geranium red paper sold by 
dealers in photographic materials. If ordinary plates are used, two thick- 
neeses of ** canary medium ** will answer well with artificial light — daylight 
18 too uncertain to be used for the source of illumination of the dark room. 

Proceeding to develop the plate, I first prepare in addition to the normal 
developer a second developer strongly restrained with bromide, the quantity 
of extra bromide depending largely on the class of negatives to be developed. 

The normal developer I mix as follows : — 

Fyrogallic Acid 2 grains 

Liq. Ammonia '889 ... 2 min. 

Potassium Bromide ... One or two drops of a 10% solution 

Water 1 oz. 

To make the restrained developer, I double the quantities of f^ogallic 
acid and ammonia, and add from 15 to 80 drops of the 10% solution of 
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polMwmB faramide. In a»diiitaop to iius I keep haodj a 10% solaiioii of 
potifiiim bromide in a dropping bottle. 

I now proeeed to iood the pbte wifli the noniftl developer , and cloariy watch 
Iherasalt: if the ima^ eomee op steadily and eomeCtj, I do not make any 
modifieation; bat if it radiee op and tlw pble begins to bbeken afl over, I 
qoiekly poor this developer awmy and, wiflioiit slopping to rinse the plate, 
poor on the iiwti ■inwl developer, and let it act until the image as sen by 
transmitted fight hss gained vigoor. If the image flien appears too strong 
in eootiast, I rinse the pble wen and aDow it to remain in water for a short 
time, or spply afireah sointioD of the normal developer without any bromide, 
aeeording to the af^earaaee of the ^ate. Bst osoally allowing the plate to 
remain in clean water is the most effsetive meQiod, ss the film guiMldiy 
holds sofBdent devek^er to enable the pble to gain more detaO; and ttflre 
is less risk of getting the image too opaqne, as is often the ease when fresh 
strong developer is Qsed after a hi^ily restrained one. When the image doM 
m^ show op at its proper time after ap^ing the normal d ev eloper , I osoaDy 
dilate the developer with water aeeordiog to eireomstanees, in arane eases 
patting ten times as moeh water as developer. In this way I have some- 
times been aUe to save a plate that seemed hopekady mider-ezpooed. 

In devdf^ing negatives of brilliantly li|^ted eomnhis ekwds, tiie great- 
est care most be taken to prerent the image beeoming too opaqne, partaen- 
lariy if a eoloor sensitiTe piate and a yeUcw screen have been employed ; 
otherwise in the resolting photograph the bhie of the sky will appear quite 
black, whilst the delicate half tones in the hj^ber Uf^ts wiD be lost For 
soch subjects it is better to dflute the normal developer with two or three 
times its bulk of water. Cooing to the opposite extreme, in deyek^ing a 
negative of the delicate cirras clouds, it is often desirable to fmmTmtmuia with 
the hi^y restrained dev^per previously mentioned, otherwiaa it is difficult 
to produce any contrast betweoi the clouds and the sky, even wtai a eoloor 
sensitive plate and a yellow screen have been used. 

ScBXKNS. — It is necessary to point out that ordinary pieees of ^aas are not 
suitable for colour screens — the ^iass must be (^>ticaUy worked with sorfiiees 
absolutely parallel to each other. 

NiooL Prism. — So far I have only treated of photogra^^iing doods by means 
of colour sensitive plates and suitable screens, but I have found these to foil 
sometimes when trying to photogn^h some of the afanoet invisible eirrus 
clouds ; and as I had been impressed with the curious phenomena that are 
presented to the eye when the sky is examined through a Nicol prism, I have 
used such a prism with the lens. Briefly described, the effiwt which takes 
place is this : when the Nicol prism is pointed to the sky and revidved slowly 
round, it will be found that in some positions the blue sky li^it is mudi 
reduced in intensity — in foct appears to change eoloor ; but any clouds that 
may be in the field of view are not affected in this way — ^the li|^t from 
them is not quenched, hence they appear to stand out brilliantly iHiite 
against the dark sky. More careful observation of the position in whidi 
the Nicol prism most effectively quenches the sky light vdll show that the 
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maiimnni effect takes place when the prism is held so that its longer 
diagonal is at right angles to an imaginary line drawn from the son to 
the part of the sky examined ; that is, if the prism is pointed to a part of 
the sky at the same elevation as the snn, hnt to left or right of it, the maxi- 
mum effect of catting off sky light takes place when the longer diagonal is 
perpendioolar. Bat if a part of the sky above or below the sun is examined, 
then the maximum effect is found when the longer diagonal of the prism is held 
horizontally ; intermediate points between these would necessitate it being 
held in the same relative position to the sun. This phenomenon is most 
marked when a part of the sky at right angles to the sun is examined. 
Having noted this effect, I naturally turned it to account in photographing 
doiids, and was rewarded by obtaining some remarkable results. It is 
hardly necessary to state that the reason the Nicol prism cuts off the sky 
li^t in some positions is that the light is polarised. If ordinary unpolar- 
ised li^^t be examined, no difference will be found in whatever position the 
Nicol prism is held. This accounts for the fact that the clouds stand out 
brilliantly when the sky light is cut off. The light from the cloud is not 
polarised, hence it passes freely through the prism in any direction. 

I have omitted to mention that a useful piece of apparatus is a perfectly 
plain optically worked black glass mirror, set in front of the lens. This 
seems to perform two functions, partly acting as an analyser, cutting off the 
polarised light of the sky, and partly as an absorbent, the blue sky light 
Beaming to be more absorbed than the white light from the clouds. 



DISCUSSION. 

Capt D. Wilson-Babkeb, in a note to the Secretary, said :— " Mr. Birt Acres* 
pi^er 18 an extremely interesting one from the pictonal and photographic side 
of the doud (question, although I must take exception to some of his remarks 
on the formation of douds. No remarks can add to the use of the polarising 
appUance for cloud photography after the beautiful pictures he has shown on 
t£e screen to prove uiis point. I should, however, like to point out that I was 
using screens as early as 1887, placed at the back of the lens. The screens 
were formed by exceedingly thin films of mica, which can be obtained of ahnost 
any odour and tranroarenoy. Mine were specially prepared for me through 
tiie kindness of Mr. Wiggins, the well-known mica merchant, and the results 
obtained by using these screens on the upper clouds, using the ordinary plates, 
was a deoided improvement on working without the screens. My custom is to 
nse a small stop and instantaneous exposure, ^ of a second or thereabouts, and 
develop dowly with an iron developer. In the case of the cirrus and other 
thin douds, it is almost impossible to tell when the plate is exactly developed, 
and a certain amount of guessing, corrected of course by experience, is neces- 
sary when removing from the developer. Printing under green glass often 
improves the results. I quite agree that a hand camera is the best for obtaining 
oloud snap shots, as it can be used instantly and pointed anywhere to the sky 
without trouble.*' 
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The mTitaik'Zi to ukc op the resporist'le position which I hold to-ni^t 
has placed zx2r in a >i:2Ai5o2 of great eznUarrmssment. The only reason 
vhidi could in asv wmj jnstifT mv accepting the inritation amounts to this, 
that the science of MoleoK*!ogT maj l« regarded as the Phjaes of the 
Earth's atmc-spbere. and (from circnmstances over which I have had Tery 
little control) one of my dailj duties is to expound the etementary principles 
of Physics to a snccession of members of the rising generation. 

My embarrassment arises from two soorces. First, that in undertaking to 
deal with the apptication of I^ysies to Meteorology, I am aDowing myself to 
face the facts of nature in some of their most perplexing and diffieolt forms. 
Now as teachers of Physics we are aecostomed to arrange salgeets in soeh a 
way that we can manage them. ~We simplify the conditions until we can 
deal with the facts. We have an authority for doing so idiieh is Tery hi^ 
and very much respected. The greatest of ancient phibs^^hers in giring 
directions for instmcting the youth in Astronomy (a kindred stady), writes 
in the seventh book of the Repubiic : — ** And do yon not think that the 
genoine astronomer will view with the same feeUngs the motion of the stars ? 
That is to say, will he not regard the heaven itself, and the bodies which it 
contains, as framed by the heavenly architect with the utmost beauty of 
which such works arc susceptible ? But as to the proportion which the day 
bears to the night, both to the month, the month to the year, and the other 
stars to the sun and moon, and to one another, — will he not, think you, look 
down upon the man who believes such corporeal and visible objects to be 
changeless and exempt from all perturbations ; and will he not hold it absurd 
to bestow extraordinary pains on the endeavour to apprehend their tma oon- 
dition ? Hence wo shall pursue astronomy with the help of problems, just 
as wo pursue geometry ; but we shall let the heavenly bodies alone, if it be 
our design to become really acquainted with astronomy, and by thai means 
to convert the natural intelligence of the soul from a useless into a useful 
possession.*' 

Buch is Plato*s idea of the proper method of teaching astronomy. We 
teach the principles of Meteorology after a method not dissimilar. Through- 
out history, for the purpose of teaching Physics, Nature has been, if not 
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eonventionalised, at least limited by carefal selection of the facts. But 
the facts of your science laugh at the limitations which the physicist would 
like to impose, and I find myself suddenly confronted with your real atmos- 
phere, with its moisture, its dust, its warming and its cooling, its electricity, 
and I know not what besides (far different from the ideal atmosphere of a 
laboratory or a lecture room). You will, I hope, be tolerant if the result is 
merely cloud or fog. 

Secondly, I have in my daily routine the advantage of addressing an 
audience not less ignorant of the subject matter than myself. To-night the 
relations are reversed, and I have, unfortunately for myself and for you, to 
address, from the point of view of ignorance, an audience of experts. It is 
too late now to withdraw or alter, but may I take the liberty to suggest that 
if you should on any future occasion be kind enough to ask the co-opera- 
tion of a mere pedagogue in Physics like myself, you should ask him not to 
give a lecture which must infallibly betray his own ignorance, but to set an 
examination paper in the subject. I feel certain that it would be easy to 
ask some questions which you would all regard as interesting, and while you 
wrote the answers, I should have no difficulty in sitting here to see that no 
one copied ; if the answers were good enough to deserve full marks, they 
would do more for the development of your science than I could do in a 
lifetime of lecturing. 

The department of your subject to which I wish to call your attention is 
the motion of clouds, and in particular the consideration of the question 
whether the motion of the cloud really indicates the motion of the air in 
which the cloud is formed. The question is an important one, for so much 
of our information about what is going on in the upper strata of 
the atmosphere depends upon observations of cloud and cloud motion. 
It arises, so far as I am concerned, from some dilettante attempts 
to deduce the motion of air masses from the shapes of clouds, and if 
possible to picture the conditions of motion. To illustrate my meaning, I 
will take the Hberty of putting before you some specific instances in which 
the motion of air seems not properly indicated by the clouds. The most 
eonspicuous and typical is the case of the mountain cloud-cap. There is, I 
suppose, nothing in nature which looks so absolutely peaceful and at rest as 
the cloud which surrounds a mountain top on a bright summer day. But 
in the cloud itself there is quite another state of things. No one who has 
experienced it need be reminded that the apparent rest is really compatible 
with a strong, cold, unpleasant wind carrying the fog with it, apparently, so 
long as you are close enough to see separate parts. The cloud-cap really 
defines a locality where cloud is formed in the wind as it travels past the 
top ; a little beyond the top the cloud disappears. 

I have sometimes noticed phenomena in the case of ordinary fog which I 
put into the same class. I will not inflict upon you a photograph of a fog, 
bat merely mention a particular observation. In a thick fog, lasting a 
whole day of last winter, in Cambridge, I had occasion to pass and repass 
certain streets in the course of the day. There were certain localities all 



168 SHAW — THE MOTION OP CLOUDS. 

included within a half mile on the same level in which the fog was always 
conspicuously lighter than elsewhere. The motion of a fog is no doubt 
very slow, but I do not think it is entirely absent, and I regard those localities 
as positions in which the fog thinned from evaporation while the air passed 
over them. But I cannot explain why it should do so, any more than I can 
explain the limits set to the cloud-cap. 

The third instance is a cloud that grew from a small cumulus into a 
thunder cloud. It has, I believe, frequently been observed that thunder 
clouds come up against the wind. I have heard the apparent motion attri- 
buted to an upper current of air. I regard it myself not as a moving of the 
cloud either against the wind or with an opposing upper current, but as the 
formation of fresh clouds in positions successively more and more to wind- 
ward. On the screen is a photograph of a cloud that developed itself above 
a village in the Gulf of Genoa in a somewhat peculiar manner. It started 
as an ordinary cumulus above the hill at the back of the village, and grew 
out as a long horizontal strip of cloud. Here the cloud had a growing 
point like a plant, but did not move as a whole. It developed in a few 
hours into a thunder cloud, and ultimately disappeared with a thunderstorm. 

The fourth example is shown in a group of cumulus clouds. It is well 
known that a cumulus cloud is the cap of a rising column of vapour-laden 
air, and the lower surface of the cumulus marks the height at which con- 
densation begins. But the ascent of air in one part corresponds to its 
descent in other parts, and consequently the question one naturally asks 
one's self on seeing a cumulus is: <' Where is the air coming down?*' In 
most cases it is difficult to give an answer. Take for instance a sky full of 
small cumulus clouds. It would appear necessary that the spaces between 
the cumulus clouds should be occupied by descending air, and the air circula- 
tion that is in progress in such a sky must be a very complicated one; but 
the only motion apparent is the steady horizontal progression of the cumulus 
clouds across the sky, which gives but a faint impression of the real motion. 
I once watched such a sky form on a bright morning above the narrow nock 
of land that forms the St. Ives promontory in Cornwall; the cumulus 
clouds travelled with a North wind, and formed initially over the land 
alone. It was difficult not to attribute the initial formation to the sun's 
heat on the narrow strip of land, but the clouds persisted as they 
travelled out to seaward in the south, and eventually the sky became over- 
cast. In this case vertical motion was clearly indicated by the shape and 
grouping of the clouds, whatever may have been the horizontal motion. 

On the other hand, I have endeavoured on some occasions to measure the 
rate of travel of cloud shadows, hoping thereby to deduce the velocity of 
the upper strata of air. The most suitable occasion is generally when a 
North-west wind is driving the scud of a cyclone across bright sunshine. 
My measurements have been very rough, and have generally come out about 
40 miles an hour. This seemed so reasonable and satisfactory, that it 
was difficult to think that one had not some definite air-motion indi- 
cated by the observed motion of the clouds. Of course vertical motion 
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would not be specifically indicated, bat it would probably be small compared 
with the rapid horizontal motion, and its neglect would not l)e serious. 

We may get a little light thrown upon the subject by considering for a 
moment the artificial clouds formed by the discharge of steam and smoke 
from chimnies. An observer, unacquainted with the habits of locomotives, 
who measured the velocity of a distant but well-marked cloud of familiar 
shape, and supposed he had measured the velocity of air, would be clearly 
wrong; he would really have measured the velocity of the funnel of the 
locomotive. That may be actually what one measures in the case of cumulus. 
On the other hand, a smoke pufif emitted from a stationary chimney moves 
with the wind (making a small allowance for the efiect of gravity), and the 
same is true of steam if one is near enough to see the motion of the separate 
puffs of steam, but not otherwise. To sum up this part of my subject, we 
may say that, although a motion of cloud does indicate part, in some cases 
nearly the whole, of the truth as regards air motion, in others the visible 
doad boundaries show merely the limits of position in which condensation 
is taking place or disappearing, and the change of these positions is not 
neeessarily an indication of the motion of the air in which these clouds are 
formed. 

Let us then proceed to examine the causes of the formation of cloud, and 
see whether they will throw such light upon the subject as will enable us 
to distinguish between the cases. 

There are two recognised causes of formation of cloud. 

I. The mixing of two currents of difierent temperatures. 

n. The so-called dynamical cooling of air by diminishing the pressure. 

It is assumed by many writers that clouds are formed by the mingling of 
currents moving in opposite or different directions at difierent altitudes. 
Now I will not, in the presence of so many meteorologists, deny the possi- 
bility of such a state of things, but I will merely ask in what direction you 
would expect a cloud so formed to move? Suppose, for example, the 
currents to be north and south respectively: will the cloud formed by 
mixing move north or south, or east or west ? The cloud would surely be 
formed in the "no man's land" between the two prevailing currents, and 
its motion would be entirely misleading if regarded as an indication of the 
motion of either. We should not therefore expect to got indications of air 
motion firom observations of clouds in such a case. The real fact is that 
conditions would have to be very peculiar for such an arrangement to take 
place. Probably most of the meteorological phenomena we observe take 
place in the stratum intermediate between the streams of prevailing air 
currents. In such a case as that indicated above there would be what might 
bo called discontinuity in the motion of the air at successive levels ; and 
though a cloud might fairly be supposed to move for some distance with its 
air, it is difficult to say what inference could be drawn from any particular 
observation. 

Another example of the formation of cloud when there is discontinuity of 
motion is given by ground fogs. They arise, I suppose, in two cases :— 
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L When eold air pansoo oTer a wann moist regioii« mther a pond or 
moist groond ; and these are strictly analogoos to the steam formation over 
a pan of hot water. The fog is then localised by the representative of the 
pan, and belongs to the dood-cap class d donds. Fragments of doad may 
moTe with the air, bat snch fragments often disi^pear n^idly, and the 
whole doad viewed from a distance woald appear stationary. 

n. When warm moist air passes over a cold sariaee. 

This case is illastrated by the fog, which I onderstand is apt to sorroand 
icebergs. Here again the doad is localised by the icd>6rg or its eqoivalent, 
and is apparently stationary. It belongs again to the doad-cap class. 

I can, however, imagine a case in which mixing might take place when 
the motion of cload woald indicate the motion of air, provided I may 
assame that the vertical motion is a very important dement in defining the 
direction of air carrents, in the regions between the centres of the rising and 
falling streams ; and I shoald like to show yoa how very easily vertical 
motion is produced in air. The smallest difference of temperatore is suffi- 
cient to caase a change of density which gives rise to vertieal motion. 
[This was shown by means of a paper spiral suspended by a silk fibre.] 
Let as consider what would happen to the air over an area stron^^y heated 
by the sun's rays ; we should have a sort of chimney with air coming in all 
round the base. Such an arrangement may be the one which in reality 
occurs when a cyclone b formed, the air supplying the currents at the base 
will be drawn frt>m warm moist regions in the south or west, and from 
cold dry regions in the north or east. Where they meet they will not 
probably ascend vertically, as in the case of an ordinary chimney, bnt be 
wrapped up together in spiral streams. Where cold and warm corrants are 
side by side, cloud will be formed by the minting of the streams of air. At 
the boundary of this region, where the cold air is beginning to predominate 
there may be detached clouds travelling with the spiral moticm and fiuiiy 
indicating the motion of the air ; such motion will be nearly horisontal if the 
area of the cyclone is large. It is perhaps carrying speculaticm too far to 
suggest that the scud which comes with the North-west wind at the taO of a 
cyclone marks the limiting position of the mixing of the warm 8ontherly 
current with the cold Northerly one ; but I believe that the explanation of 
the phenomenon may be foimd in that direction. It does not seem impos- 
sible to work out a consistent and satisfactory theory of the origin and motion 
of cyclones by regarding them as moveable chimnies of vast width and height, 
bat not necessarily in every case having their bases at the ground level. 
There is not time this evening to dwell longer upon the subject. I will, 
however, show an experiment on the formation of cloud by the mixing of air 
currents, and ask you whether you think you can detect the motion of the 
air by watching the movement of the cloud. 

A glass globe (Fig. 1) provides the arena in which the currents mix. The 
currents are due to the heat of a spirit lamp or gas jet, burning at the base 
of a chinmoy which communicates with the top of the globe. On either side 
of the globe are tubular openings through which air can flow to feed the 
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ehimney. The air snppl; on the one side is murnod and moistened, on the 
other it is ooolcd by a freezing miitnTo. The appnrntaB can bo so arranjiod 
that no olond is formed with either one of the corrcnts iicting singly, but 
when both act together a conspicnous cload is formed extending np to tho 




chimney, and showing by tho motion of its parts tho direction in which the 
air is moving. The spiral motion, which is cloarly visihk', in attributable to 
the fact that the tnbes which deliver the air ore more or less parallel, bnt 
not diametrically opposed to one another. 

Let OB now consider the second cause of cloud formation. The cloud in 
thifl case ftrisei from so-called dynamical cooling of tho air. jTo produce 
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the eooliof; alltb&t is required is to allow the &irto expand and overwtne the 
external presaare while protecting it from all commnnieatioii of beat Tbe 
arrangument is anffioiently nearly realiMd when air rises into r^tooa o' 
dimiuislied preaenre in consequence of ita density bdng less than that of tbe 
snrronnding air. The small density may hare been originally dna to rise of 
iemperatore. The amonnt of the cooling efieot in dry ur prodoeed under 
sneh oironmBtanceB is very well known, and, indeed, is quite easily ealealated 
on the assumption that the laws of perfect gases are aeeorafely followed. 

The way in which the effect can be for many porposes most satisbetorily 
represented is by a diagram (Fig. 2). The black lines in the diagram rapie- 
sent the relation between pressure and volome for one gramma of dry air at 
various temperatnres marked on the edge. Tbe red lines (shown as dotted 
lines in the fignre) represent the changes that take place in prMBoie and 
volume when there is no communication of heat. 



ocmeimAia » istmnopios rm 




To pass from one block line to the next on tbe right, 10 gramme thermal 
units of heat must be communicated to the gramme of air at the freezing 
point ; and here I must parenthetically remark that it would be well for 
those who wish to lay hold of this part of the subject to get rid of the very 
natural notion that change of temperature is a necessary concomitant of 
supply or removal of heat. Doubtless in many cases tbe two are connected, 
but progress in thenno- dynamics is facilitated by recognising that the tern- 
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pmtaiia may change withont any supply of heat, and heat may be supplied 
wUhoiii any change of temperature. A small addition to the diagram makes 
it atailable for showing the change of temperatare which results firom the 
raismg of dry air to a specified height from sea level. 

But the atmosphere does not consist of dry air ; it contains a variable 
amount of moisture. So long as the air is unsaturated, its behaviour under 
diminution or increase of pressure does not differ materially from ttat of 
dry air^ and the diagram we have already considered may be used to indi- 
cate the changes of temperature. But when the cooling is so great that the 
dew point is reached, a serious modification is introduced. The condensa- 
tion liberates the latent heat of vapour, which is numerically very great, so 
that although the amount of water condensed may be very minute, the disturb- 
ance of the thermal conditions is by no means unimportant. An example 
will make this clear. The cooling of saturated air from 15^ G. (59° F.) to 
the freezing point would correspond to the deposition of 8 grammes of 
moisture from every cubic metre, or 8 millionths of a gramme (a very small 
amount) from every cubic centimetre. The heat liberated by the condensation 
would be about 48 ten- thousandths of a thermal unit; but the capacity for 
heat of a cubic centimetre of dry air is very small, only 2^ thousandths of a 
thermal unit being required to raise the temperature of that quantity of air 
1° C, so that the heat liberated by the condensation is sufficient to raise the 
temperature of the air from which it is condensed through about 20° C. In 
other words, to put the result in a somewhat Hibernian form, if saturated air 
were dynamically cooled from 15° 0. to 0° C, its temperature would rise to 
20^0., in consequence of the condensation of vapour. 

Of course all that is meant by this absurd statement is that if you subject 
saturated air to a change of pressure which would cool dry air through 15° C, 
the moist air will not be cooled to anything like the same extent. 

Leaving for the present the theory of the subject, I shall try to show you 
by experiment the difference of behaviour of air under the conditions specified. 

First, let me show the formation of a cloud by dynamical cooling — ^that is^ 
by rarefaction merely — in moderately dry air. I have here (see Fig. 4, p. 180) 
an arrangement by which the pressure of air in a globe can be rapidly diminished 
by putting it into communication with a vessel which has been partially 
exhausted. I can thereby ascertain what would happen to the air if it should 
be suddenly raised through 5,000, 10,000 or 15,000 ft. You will, I think, 
see that a cloud can be formed in that way. 

Let me now go on to exhibit, if possible, the difference between the tem- 
perature change produced in dry and moist air. A slight addition to the 
apparatus enables us to form a rough estimate of the depression of tempera- 
tare below that of the room at the instant when the expansion is complete. 
At that instant I close the communication between the exhausting vessel and 
h experimental globe with its cooled air. At the same time I put the 
globe in communication with a pressure gauge, and watch the change of 
pressure which occurs as the air in the globe recovers the temperature of 
the room. 

MXW SEBIK8. — VOL. XXI, N 
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We will try the experiment with dry air. Ton wiU notiae that after the 
miooB distarbanse of the gaoge, as the expansion proeeods, Uiere enanes a 
gradual icereaae of pTessnre vhioh indieatea the change of temperatoie. 
Thia ia the veil-known experiment of Clement and Desonnas. B; taaUng 
eipariments snocesaiTelj with a globe of dry aii and a globe of eafauated air, 
the rise of temperature could be rooghly compared in the two eases ; bat in 
order to avoid part, at least, of the initial disturbance, I propose to axhanst 
tbe two globes simultaueooaly (Fig. 8), and hare one limb of Qia gange m 
eonneetkm with each globe. With the apparatos eo arranged, the ultimate 
differwioe of level of the liquid in the two limbs of the gange will inditete the 
difference of temperature which existed in tiie two globes at the iaataat iriian 
the expansion was eomplete. With a water gauge a difference of lerel of 
one inch oorreBponda to a difference of temperature of li° F. 




In this experiment the expansion is small, and the temperature diflbnoea 
may be scarcely perceptible. I shall be content if it is shown by any differ- 
ence of level in the gauge. I ought to remark that the Baturation of the air 
introduces a slight modification of the figores, and gives moist air an adTia- 
tage on tbe gauge which ought to be eliminated before the method oonld be 
recommended as an accurate ono for scientific porpoaes. 

The effect of condensation in modifying the dynamioal cooling of moist air 
depends very materially upon the position of tbe dew point of the air, be- 
cause with a high dew point tbe amount of moietare condensed, per degna 
of depression of temperature, is much larger than the oorrespoiidiitf^amonnt 
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eondensed when the dew point is low ; for example, the amount of eondensa* 
tion from saturated air corresponding to a depression of 5^ G. from 80° C. is 
7*1 grammes per onbio metre; bat from 5° C. to 0° C. it is only 2*1 grammes 
per enbie metre. 

The behayionr of moist air conld be represented by a set of lines cor- 
responding to those which I have shown you for dry air, bnt the lines would 
be of different shape. A diagram which represents the behaviour of moist 
air was constructed by the late Dr. Hertz, so well known in connexion with 
electrical waves. It is somewhat too complicated for this evening. It may 
Buffioe to give the results of some rough calculations in connexion with this 
part of the suljeet. I have computed that a change of pressure sufficient to 
eause a dynamical change of temperature in dry air of 27° F. would not de- 
press the temperature of saturated air at il° F. through more than 18° F., 
nor saturated air at 86° F. through more than 6° F. 

I hope to find time later on to call your attention to the meteorological 
effeoli whieh these modifications of dynamical cooling probably produce ; 
bot in order to follow the main thread of my argument with respect to 
clouds I most pass on to consider the suspension of solid and liquid particles 
in the air. 

I will again form a cloud, and I wish you to notice closely what happens 
in the |^be. As soon as the cloud is formed, the drops begin to fall. Some 
of them, doubtless, become invisible in consequence of the evaporation of 
the moisture ; but if the disappearance were entirely due to the communica- 
tion of heat through the glass of the globe, the last traces of cloud would 
appear at the centre or in the upper part of the globe. That, however, is 
not the ease ; there is dearly a falling of the particles going on. We may 
thereliore eonelnde that when a cloud is formed in still air, the particles of 
wbkh the cloud consists fall through the air at an appreciable rate. The 
mte is difEarent in the two globes before you, because probably the size of 
the water particles is different. The smaller globe has been supplied in 
great abnndanoe with nuclei upon which drops can form, while in the larger 
one nuelei are comparatively rare, and consequently to carry the deposit 
each nucleus must be more heavily loaded. 

If there were a suitable upward motion of the air, the particles forming 
the cloud might appear stationary — there would still be relative motion 
between the water particles and the air. No refinement of subdivision can 
free the particles from the ubiquitous and inevitable action of gravity ; and 
so long as the particles have a specific gravity greater than that of air, they 
can only be maintained at a fixed level by the action of forces due to the air 
passing by them. [Speaking in the technical language of dynamics, the 
particles can only be maintained at a fixed level by supplying to them an 
amount of momentum equal to that which gravity constantly supplies, but in 
the opposite direction. The momentum is withdrawn from the stock which 
the rising column of air possesses, and a condition for the transference of the 
necessary momentum is relative vertical motion between the cloud particles 
and the supportmg air. In every case, therefore, when a cloud is supported 
there is a vertical rush of air past the particles of it which keeps them \l^«\ 
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The amonnt of relaiiTe motion which is necessary to support the parti^^ 
depends opon their weights and areas, and therefore, of coarse, npon Urn,* 
size, and the nprosh of air most increase rapidly if the particles are 
tinoaUy growing in size. 

From another aspect these ideas may he expressed by considering a 
drop or hailstone supposed to form in still air. It will begin to move doi 
wards however small it may be, bat its downward velocity will never ex< 
definite limiting value depending upon its size and weight. What the 
ing velocity of falling raindrops may be I do not know, but from the rata 
which the drops of a thunder shower fall we may fidrly conclude that a v< 
considerable, though by no means inconceivable, upward current of 
would be required to keep the drops of a thunder shower suspended at a 
level. Clearly a smaller current would suffice to keep up winter 
Scotch mist, and ordinary ground fog is so finely distributed that the verim.<— 
motion necessary to support it is hardly, if at all, perceptible. 

All that has been said on this point must be understood to refer to verim*^ 
motion only. So far as horizontal motion is concerned, when a cloud 
particles has once accommodated itself to the motion of the air carrying 
there will be no relative motion unless the air changes its speed, so that 
horizontal motion of air may be indicated by the horizontal motion of cl« 
while the vertical motion is not. 

Let us now consider the case of a mass of warm, moderately moist 
starting from the earth^s surface and gradually rising. With increasing hei| 
the pressure and density will diminish ; the temperature will fall, rapidli 
first, as the diagram indicates, until it reaches the dew point. Then a ek 
will be formed, and the rate of fall of temperature will be much diminishi 
The condensed particles will gradually sink, and at the same time 
upper strata will receive heat from the sun*s rays which are there absorl 
The upper layers will be ready to go on rising, and as they are sal 
with moisture cloud will be formed at higher and higher levels, and th* 
unless the initial difference of density was very great, we may hare eq 
librium very nearly approached, and the mass may move very slowly 
ward, carrying with it the greater part of a very light and almost permani 

cloud. In the mean time the heavier globules of the moisture deposited 

the earlier stages will have fallen downward, and may be evaporated loi 
down, or fall as rain. Perhaps the air may even be regarded as hir 
rocket, moving upward and leaving a trail of cloud globules behind it, 
may, after becoming transparent again for a time, ultimately show itself 
some form of cirrus cloud. 

I must, however, here recall to your memories the now well-known 
that for a cloud to be formed two conditions must be satisfied — there 
be not only a supply of vapour to be condensed, but also a supply of ni:^^ 
(formed of particlos of dost, &c.), upon which the drops of rain ma] 
deposited. This part of the subject almost belongs to Mr. John 
who has founded upon the principles of it a method of counting the 
particles in the air. Now although it is not possible by lifting the air to 
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haust the whole supply of vapour, the supply of nuclei may be exhausted, 
and then, unless the air carries with it globules already condensed, deposition 
will no longer take place, and the air will pass upward free from cloud, but 
" supersaturated " with moisture. I use the term because it has been used 
before, but the necessity for the existence of nuclei, in order that deposits 
may be formed, points to a vagueness in the meaning of the word 
' saturated ' that requires clearing up. Nuclei may not all be of the same 
character, and the condensation may take place at first upon nuclei of one sort 
only. When they have been loaded and have dropped out, further rarefaction 
may cause another set of nuclei to come into use. It would be interesting 
to know what depression of temperature is necessary to cause condensation 
upon nuclei of different characters, and what relation the temperatures at which 
condensation takes place bear to the ordinary dew point. These questions 
carry me, however, beyond my own knowledge and experience : I must limit 
myself to 'showing, later on, some experiments in connexion with the formation 
of coloured coronsB that I think indicate a change in the character of the 
deposit with a change in the number or character of the nuclei.^ 

Let me, however, now take up the consideration of the meteorological 
efifects of the liberation of latent heat when condensation takes place. I 
propose to take only the two extreme cases, (1), when the air is very cold ; 
(2), when it is very warm. The cooling in the first case is considerable even 
when condensation takes place, because the actual amount of moisture con- 
densed for a given fall of temperature is, comparatively speaking, small. 
The rising air will therefore sooner reach a position of equilibrium. A cloud 
may be formed, but no further rise need result ; the deposit is thin, and the 
rain, if any, is fine. In the second case the deposit of moisture for a given 
range of temperature is many times larger. The fall of temperature inci- 
dental to expansion is very much less. Hence, as the warm air rises it 
remains warm in consequence of the condensation of a part of its vapour, 
and becomes surrounded by air, higher, and therefore, presumably, colder 
than that which suirounded it originally. Having risen to a certain height, 
its tendency to rise becomes still greater ; it is further away from a condition 
of equilibrium than it was when it started. The higher it rises, the greater 
will btf the force tending to make it rise. The result will be an uprush of 
air which may be described as almost explosive in its character. 

To this difference we may attribute the suddenness and violence of the 
thunder showers of summer as compared with the fineness of the rain of 
winter* Explosive uprushes, such as those here referred to, have long been 
recognised as furnishing an explanation of the formation of hail. If we were 
acquainted with the electrical effect of air rushing past globules of water — ^a 
state of things that must occur if the globules are to be supported — ^we might 

^ Mr. G. T. B. Wilson, at a meeting of the Cam. PhiL Soc., in May 1895, showed 
experiments tending to prove that whatever is the state of the air as regards nodei, 
the rarefaction cannot be carried beyond a certain definite limit without cloud being 
formed. The limit is not beyond that of practical meteorological altitudes* 
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reach a tolerable explanation of most of the characteristie phenomena of 
thonderstorms. 

I shall now, by way of summary, sketch what seems to me the probable 
state of motion of the air in which comnlas cloud is forming, and in some 
of the other instances quoted above. 

As already intimated, cumulus cloud is indicative of an upward motion of 
air. Its base shows the position at which condensation commences, the 
upward motion being sufficient to retain the globules suspended, and 
possibly carry some of them further upward. A spreading of the base of the 
cloud indicates only that the area of the ** chimney " is altering or its posi- 
tion changing. It does not necessarily imply any specific horizontal motion 
of the air. In the example of the large cumulus over the Golf of Genoa : if 
we suppose warm, moist air to be gradually drifting in from sea towards the 
hills, successive portions more and more to seaward would bulge upwards, 
and there would be a spreading seaward of the conditions favourable to doud 
formation, in a direction, that is to say, opposite to that of the wind. 

It is not easy to picture the conditions which define the upper sur&ce of 
a cumulus cloud. It is, I think, most probable that the cumulus should be 
regarded as the same in nature as a cloud-cap, the air running more or less 
vertically through it. After the first formation of cloud on the rising air, 
further elevation would cause an increase in the size of the drops ; but as 
the size increased the power of the air to carry them with it would diminish. 
Ultimately it would have to leave its droplets behind, and pass on clear but 
saturated with moisture. The process would free it of the nuclei upon 
which the drops formed, and this suggests a definite limit to the cloud 
surface. The son's rays would necessarily introduce some modification, 
and make the surface lower and the cloud consequently of less thickness. It 
must, I think, be accepted that the sun cannot alter the temperature of the 
air which holds the cloud. Heat is only taken in from the sun's rays in any 
appreciable quantity so long as there are water globules ; they will be sur- 
rounded by saturated air. The heat absorbed under these conditions evapo- 
rates the moisture without alteration of temperature. As soon as the 
moisture is all evaporated, the air has become transparent, and the rays pass 
on to give out heat elsewhere. The evaporation caused by the sun will, 
however, enable the air to carry with it some of its nuclei. 

It therefore would appear that the air issuing from the top or sides of the 
cloud leaves behind it its larger globules of moisture, and therefore nearly 
all the nuclei in which moisture was first deposited. If condensation again 
occurs, and a fresh cloud is formed in the same air, it must be under dif- 
ferent conditions, i.e. with a different set of nuclei. 

When the sky is full of patches of detached cumulus, the vertical circu* 
lation is less simple. A layer of warm air of considerable horizontal area 
must come, on its upward way, into a state of instability when condensation 
begins to take place. The condensation in any small portion puts that 
portion in a more favourable condition for farther ascent than the sur- 
rounding portions in consequence of the liberation of latent heat. Some 
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allowa&ee must be made for the alteration of density consequent npon the 
contraction of volome which takes place when condensation occurs ; but 
this allowance is not large, and, moreover, when the air finds the drops of 
water heavy to carry, it leaves them behind. As soon, therefore, as con- 
densation takes place at any point, there is an upward rush there, 
associated with a sinking of air around ; hence the clouds form themselves 
permanently round the spots where condensation begins, extending or dis- 
appearing according to circumstances, which can at present only be regarded 
as accidental. The elaborate vertical circulation here sketched may be asso- 
ciated with a general horizontal motion of the air due to some dominant 
cause external to the whole district. 

In a subject like that here treated, general conclusions are particularly 
hazardous; but there seems to be some ground for concluding that when 
clouds are formed by mixture their motion may be accepted as indicating 
that of the air in which they are formed, but that when they are formed by 
the dynamical cooling due to rarefaction, no satisfactory indication of the 
motion of the air is given by the motion of the clouds. 



In the course of my remarks I have referred to possible effects of an 
alteration in the number or character of the nuclei upon which the globules of 
moisture are formed. It now only remains for mo to illustrate experimentally 
the effects alluded to. If the globe (Fig. 4) in which a cloud is formed 
by a sufficient rarefaction is illuminated by means of a brilliant point 
of light, coloured rings are shown surrounding the bright point, provided 
that the air is in a suitable state. The condition for the formation of 
coronffi, as explained by Young, is that the globules formed should be 
Bofficiently uniform in dae to prodaco regular diffiraoUon, and Young has also 
pointed out that the diameter of a ring of particular colour depends upon the 
size of the particles, becoming smaller if the globules of which the cloud is 
formed become larger. Experimentally, the diffraction rings are easily 
watched if the globe be surrounded by a blackened screen perforated by a 
hole, and an electric lamp be brought close up to the hole, and a cloud be 
then formed in the globe. The necessary rarefaction can easily be produced 
by opening free communication between the globe and an exhausted receiver 
of suitable size. If the globe be fully supplied with nuclei in one of the 
ways suggested by Aitken, as by allowing the smoke of a match to pass into 
it, the rarefaction produces cloud without definite colouring, probably because 
the nuclei are so numerous and irregular that no regular diffraction takes 
place. After a number of rarefactions . and consequent precipitations, 
a circular distribution of colour begins to show itself round the bright spot. 
The colours change as the cloud grows in density, and after many deposits 
have been made, a series of alternate red and green rings (with artificial 
light) of measurable radius becomes perfectly distinct, while the globules 
beeome large enough to be separately visible, and can be seen settling down 
in the globe. The size of the rings under these circumstances becomes 
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modentely pemuutent for BoeeeBBTe nrefiwtifHU, wad would eoitble tiie 
obMTTer to eompnte the me of the putuilei if there were |t Btutdud of 
refBresoe ftviikble with pertialae of known lUe. I have not yei, however, 
■neeeeded in imitating the effects with other putielee, nor can I m; what 




the change in the character of the nuclei most be, nor what rarefaction with 
air of given humidity is necoesary to give ringe of a particohtr diameter. 
These matters are, however, within the reach of an experimenter in tbik 
inbject. 
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C. TnEODOBE Williams, M.A., M.D., Vice-Preudent, in the Chair. 
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Lt-Col. WiLUAM Woodward IUwes, R.A., Junior United Service Club, S.W., 
Were balloted for and duly elected Fellows of the Society, 
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Mr. W. N, SuAW, M.A., P.R.S., gave a Lecture on " The Motion op Clouds 

CONSIDERED WITH REFERENCE TO THEIR MODE OF FORMATION/' which waS 

illiutrated by experiments, (p. 166.) 



April 17th, 1896. 

Ordinary Meeting\ 

Richard Inwards, F.R.A.S., President, in the Chair. 

Capt. Perciyal Ashwortu, R.E., Shomcliflfe Camp ; 
John Chapman, The Lawn, Torquay ; 
Edwin J. Pearson, J.P., Millfield, Berkhamsted ; 
Stanley Uinolb» Woodcote, Dorking ; 

Copt. Edward Richard Taylor, Ardgillan, Balbriggan, Ireland ; and 
C. Algernon Whitmore, M.P., 75 Cadogan Place, 5S.W., 
were balloted for and duly elected Fellows of the Society. 

The following communications were read : — 

" The Frost of January and February, 1895, over the British Isles.'* 
By Francis Campbell Bayard, LL.M., F.R.Met.Soc, and William Marriott, 
F.R.Met.Soc. (p. 141.) 

•* Some Hints on Photographing Clouds." By Birt Acres, F.R.Met.Soc 
Cp. 160.) 



CORRESPONDENCE AND NOTES. 

NotflB on Clouds. — I began registering clouds in 1842, and have kept this up 

to the present time, and have many thousand records, which I intend to reduce 
if I have health. My relative (Luke Howard) first persuaded me to pay atten- 
tion to donds ; and I think I was the first to adopt the term '* scud," which I 
did in 1843. At that time 1 invented signs for clouds ; and almost immediately 
afterwards a code of signs were sent to me that, though independent, were almost 
identical. I had the following columns for each observation : — Height (0 — 6) ; 
Velocity (0— 6) ; Thickness (0—6) ; Colour (0 — 6) ; Direction (0 — 6) ; Class 
At the same time was recorded " prospect." I think you use the word " visi- 
bility." When at Highfield House, Beeston, near ^{ottingham, I recorded the 
following : — 1. Chamwood Forest, 27 miles off, and according to clearness 
registered — 6 ; 2. Beeston Railway Station, 2 miles ; 3. The Lake, High- 
field House, \ mile ; 4. The sunk fence of the garden, 100 yards ; and 5. A 
yew tree, 40 yards. 

Since I came here I have selected as my objects Dunkerry Beacon, Steep 
Holmes, Cheddar, Clevedon, Denny Island, (Jaldicot, Caractca's tree, far end of 
the park 500 yards, and this end of the park 50 yards off. I must remark that 
mists here are never as much as 20 yards, whilst at Highfield House they were 
so great that the prospect was sometimes only 2 yards. 

I have never seen it recorded that cirri do not move along their lines ; they 
grow at their ends. I have also never seen it mentioned that there are move- 
ments inter se different to the currents they are moving in. Nor have I seen it 
recorded that in thunderstorms there will be scud boiling from beneath them, 
often in the opposite direction to their movement. 

Here we can see clouds at great distances, as our uninterrupted view from 
west throaeh south to east is 172 miles. We are also oflen above the clouds, 
and can look along their edge. I reported a case where a cirrus formed above 
a stratus, and both at a lower level than this house. On another occasion I 
recorded cirri forming directly above the stratus (that lay over the Bristol 
Channel when the sky was elsewhere cloudless, and this occurred on February 
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8th and 9th, 1895. The water most have been very cold, as the Wye at Gbep« 
stow was frozen, though tidal. The stratus and cirri were only over the water, 
as the Somerset hills were quite clear. 

Sometimes we see marvellous clouds. On one occasion since I have been 
here we had a dense fog all day, with overcast sky, but for a few minutes there 
was an oblong opening in the mist, through which we could see the steep Holme 
and Dunkerry Beacon, nearly 40 miles off. The £og must have been confined to 
this hill.— £. J. Lowe, F.R.S., Shirenewton Hall, Chepstow, March 13th, 1895. 

The Upper Atmosphere. — On July 7th, 1894, Dr. Asamann set free at Char- 
lottenburg a balloon, equipped with self-registermg apparatus for the determi- 
nation of meteorological data in the higher regions oi Uie atmoq>here. This 
balloon, the Cirrus^ made a most remarkable voyage, for not only did it reach 
the greatest altitude ever attained by any contrivance made by human hands, 
but it also in eleven hours made a journey from Berlin to the district of Zvomik 
in Bosnia, a distance of more than 620 miles. The scheme of exploriiw the 
upper air by means of small balloons was first proposed by Geheimrat A« Mey- 
denbaur, and put into practice in France ; but these attempts failed because no 
measures were taken to guard against the powerful effdcts of solar radiatioii on 
the instruments. This was rendered possible by the aspiration principle implied 
by Dr. Assmann, and, after many trials, a camera largely composed of alominiom 
was constructed by R. Fuess, in which an alcohol thermometer and the lever of 
a barograph could be photographed through a slit on to a silver-bromide gelatine 
paper stretched on a drum. On the morning of the 7th the Cimu was released, 
shot up " like a champagne cork,** sailed first towards the north-west, and at a 
greater height turned round towards the south-east, finally coming to earth in 
Bosnia, close to the Servian frontier. The meteorologist Berson, who went to 
fetch the balloon, was only able with all possible haste to reach the spot in fifty- 
four hours, while the balloon had made the journey in twelve hours. The appa- 
ratus was hardly injured at all ; and the photogram, unrolled ten days later, 
showed clearly the pressure and temperature of the regions traversed by the 
balloon. When the balloon rose the pressure was 30 ins., and the tempeiiitore 
of the air 62°*6. Both naturally diminished with the heieht, the pressure to 
3-35 ins. and the temperature to — 61°*6. Here the record breaks off, for the 
paper was not large enough, such low pressures not havinff been expected. 
According to a careful calculation, the height then attained must have been 
53,559 feet, or not much less than twice tEftt of Mount Everest, the highest 
mountain of the world. Evidently the balloon had ascended still higher, bat its 
highest point could not be recorded. Besides, the registering apparatns was 
arranged for six hours only. It is to be altered so as to record lower pressnres 
and to act for twelve hours. 

Studies of the Upper Air. — Mr A. L. Rotch recently read a paper before the 
Boston Scientific Society, U.S., on this subject, in which he described the 
methods employed for obtaining a knowledge of the movements, etc, of the 
upper air, and mentioned some of the results which had been attained. Man 
has seldom penetrated into the stratum above 4 miles, and of course the rare&ie- 
tion of the air, whose pressure at a height of 10 miles is less than one-ninth of 
the pressure at sea-level, is the chief obstacle to its exploration by beings like 
ourselves. Twice during the past 33 years men have reached a height of aboot 
30,000 feet in balloons ; they have climbed in the Himalayas to an altitade of 
nearly 23,000 feet, and, in each case, have observed the temperature and pres- 
sure during the few minutes they remained at these altitudes. Quite recently, 
instruments to record automatically these and other elements have been placed 
on the summit of a quiescent volcano in Peru, above 19,000 feet, from which it 
is hoped to obtain fairly continuous records. Latterly, also, other attempts in 
France and Germany have been made to gain information as to the temperature 
of still higher strata by liberating smidi balloons carrying no aeronauts but 
only self-recording barometers and thermometers. After living an account of 
the various high level mountain observatories, and also of the observations of 
clouds, etc., Mr. Rotch concludes by saying ** tnat observations on mountains are 
still the only ones capable of being made of all the elements at all times, 
although clouds can be observed very often, and their systematic study will even- 
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taally be recognised as necessary for weather forecasting. Occasionally, obser- 
vaiions in captive balloons and with kites will furnish reliable data in special 
cases when it is desired to investigate the conditions prevailing in the free air 
near the earth, but the necessarily infrequent observations which can be made 
at h^h altitudes in balloons carrying aeronauts, or the few automatic records 
obtained from unmanned balloons, which may reach still greater altitudes, will 
hardly do more than elucidate the general conditions reigning towards the top of 
the great aerial ocean." 

Height of tho Sea Breeze at Toulon. — ^Two interesting voyages were made in 
a balloon at Toulon on October 16th and 18th, 1893. On the 16th, MM. Louis 
Godard and Jacques C!ourty ascended from Toulon at 11.20 a.m., and were carried 
by a SouUi'Bouth-west wind towards Fort Faron. But at a height of about 
1,600 feet the balloon began to turn towards the south, and at a height of 
3,450 feet its course was due south. After passing the coast at an elevation of 
4,690 feet it was carried by a North-easterly wind over the roadstead and the 
peninsula of Cepet. The aeronauts then descended, and found a South-westerly 
wind at an altitude of 1,000 feet. 

On the second occasion an ascent was made at 4.20 p.m., and an Easterly 
current was found up to a height of 1,300 feet. At 2,000 feet the balloon was 
suddenly driven southwards towards the sea, and on descending to 520 feet 
entered the Easterly current again, and was carried to the Cn&teau of La 
Yalerane on the Gk)lf e de Giens. 

From these experiences it appears that the land and sea breezes on the coast 
Attain only a moaerate height, at most 3,000 feet, and there give place to the 
general currents of the atmosphere. The limit is subject to constant changes, 
which must be controlled by tiie transition from day to niffht. The influence of 
the seasons on these breezes has still to be investigated. The change in the 
direction of the wind occurred at a much lower altitude, 300 to 400 feet, durine 
the balloon experiments at New York in 1887. On October 16th and 18th 
Toulon lay at the south-eastern edge of an area of maximum pressure, with a 
fairly uniform pressure and light Easterly winds in the neighbourhood. 

Dorset A^^^l ^'^l BainfalL — Mr. H. S. Eaton, a past President of the Royal 
Meteorological Society, has recently discussed the annual rainfall of the county 
of Dorset for the 45 years 1848-92, and communicated the results in the form of 
a paper to the Dorset Natural History and Antiquarian Field Club. Two maps 
accompany the paper : in one the general distribution of the rainfall is shown 
by blue shading, and in the other the brown shading is in proportion to the 
elevation of the land above sea level. From these maps it is seen that the 
distribution of the rain is in conformitv with well known natural laws. 

Mr. Eaton sa^s : — ** The vapour-laden air from over the warm water of the 
Atlantic, the chief source of supply, in passing inland from the coast under the 
prevailing Bouth-west wind, is cooled by expansion in its onward progress over 
the hills, and discharges rain copiously, especially on their further flanks. A 
close observer of nature, but not a meteorologist, used to say of the rain on the 
high cround behind Abbotsbury : * With a South-west wind the clouds set a 
blow &om the hills, and cry on the other side.' Further on, over the low-Tying 
lands of Somerset, the rainfall is 2 or 3 inches less than on the south coast of 
Dorset. Omitting the exceptional returns from Portland, Wimbome, and Tud- 
beer, it will be noticed that between Lyme Regis and Bridport the rainfall is 
slightly under 34 inches, falling to 30*5 inches round Weymouth, and to 30 
indies round Poole. Inland from the coast it rises from 33*4 inches at Bridport 
to 34*0 inches at Netherbury, which is 125 feet above sea-level and 5\ miles 
flrom the coast, to 39*8 inches at Beaminster, 1| miles further on at the foot of 
the bills ; and to 42*6 inches at Cheddington, just on the watershed dividing the 
£n|dish from the Bristol Channel, 604 feet above the sea. Thence it declines 
to 33*8 inches at West Coker, 240 feet above the sea, and to 28*4 inches at 
Ilchester, only 40 feet above sea-level. Farther east, Abbotsbury and Little- 
bredy, a ridge of hills about 600 feet high intervening, the rain rises from 30*7 
inches to 39*2, being 8*5 inches in less than 3 miles ; and between Portisham 
and Littlebredy, in a distance of 2 miles, it increases 7 inches. Of the two 
stationf of Upwey, that nearest the sea has an annual rainfall of 30*96 inches at 
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70 feet above sea-level ; the other 90 feet above the sea. and \ mile "**•'■ 
Ridgeway Hill, has a rainfall of 33*05 inches. On the chalk hills exteodicB ^ 
from west to east across Central Dorset, the annual rainfall exceeds 40 inche m 
Here the county attains generally its highest elevation, from 600 to 800 fe^ 
The highest point in the county, Pilsdon Pen, west of Beaminster, exceec^ 
900 feet, closely followed bv Bulbarrow, near Haselbury Bryan. The bilJIa 
are nearly as high east and south-east of Shaftesbury ; but the clouds m.si 
their passage over Central Dorset lost a portion of their burden, and tft~Me 
rainfall in North-east Dorset does not quite attain 40 inches. North o;£ 
Central Dorset the rain diminishes to 34 inches in Blackmore Vale. In tVB.e 
5| miles between Minterne Magna and Folke the diminution is 9*2 inch^c^ 
Between Haselbury Bryan and Sturminster Newton the rate is still great^rv 
being 15*5 inches in 4 J miles. At Haselbury Bryan, however, the fall of 4^'^ 
inches may perhaps be increased by insplashing from some flints built round t^^ 
gauge to support it in position ; but the village is only 2J miles north-west frc^«p 
Bulbarrow, which lias an elevation of 903 feet, and 4 miles north-east of Cli^r^^ 
Hill, 822 feet, and Nettlecombe Tout, 854 feet, and it is the proximity of b»S*l 
ground ratlier tlian the actual elevation above sea-level that influences the fft^ ^ 



rain." 




Old Rain Records from the Holy Land. — Among the shorter notices in ^^^ 

MeUorohghche Zeitschrift for April is one by Dr. Hann on extracts ^*^:g 
Vogelstein's paper " Agriculture in Palestine at the time of the MisnjUi,** - 
Doctor's dissertation at Breslau in 1894. This deals with the Agriculture ^ 
Palestine during the first two centuries a.d. The Misnah mentions two seas<=^5^ J 
the Rains and the Dry Season. The " Former Rain," to use the Bil>-^ *^if 
phrase, sets in soon after the autumn equinox. Its importance was such th-^^^^ 
it was deficient, prayers were at once ordered, and continued drought was ma^^*^ - 
by a period of public humiliation. The rain was measured with a veaseL 
the first rain 3*5 ins. ought to fall. In the second double as much, and inu^ 
third treble as much. In the second period the rain should fall for seven 
without a break. The " former rain " is at the seed time ; the '* latter 
in the month Nisan (March-April) is of the greatest importance for the hanr^ 
Severe thunderstorms with hail occur during the rains. In the dry season : 
is very unusual, but dew is very abundant and of the greatest benefit to 
crops. The result is that the rain of Palestine in the first century amoante 
about 21 inches per annmn, a figure which agrees pretty well with mod 
measurements at Jerusalem. 

Meteorological Charts of the Red Sea.— The Meteorological Council h 
recently issued an Atlas of Monthly Wind and Current Charts of the Red £ 
which have been constructed from observations mainly taken in the ordin 
track of vessels passing along the central line of the sea, and the charts con^ 
quently only show the average phenomena in that line. A new form of wi 
rose has been adopted in the preparation of the Wind Charts, which shows 
only the frequency of the winds, but also their forces, so that an estimate 
be formed of the direction and strength of wind likely to be experienced in 
part of the sea. 

From October to January the prevailing winds are Northerly over the north 
half of the sea, but tliey are Southerly over the southern part, extending fort. 
north in these months than at any other time of the year. From Februair 
May the Northerly winds extend further south, Southerly winds prevail) 
from Perim to about the IGth parallel ; while from June to September Northe " 
winds blow over nearly the whole sea. Gales, which are most frecjuent dur^ 
the winter months from November to March, are encountered chiefly in the so ^ 
ern part of the sea, and generally blow from the Southward. 

The Current Charts give the set in each 24 hours, and an examination of 
arrows shows that the currents in the Red Sea are somewhat erratic, and 
while their velocity is not usually great over large areas, occasionally si 
streams, frequently across the line of a ship's track, may be locally experienc 
In the Straits of Bab-el-Mandcb direct observations are very deficient, but 

perience has shown that when the wind is strong from either the Northward ^ 

the Southward the current is generally strong in the same direction in ""^ ^^' ' 
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narrow waters. The currents often set with considerable yelocity in the Gulf 
of Aden. 

A feature of some interest has been noticed in the range of sea temperature 
in the Strait of Bab-el -Mandeb, near the Island of Perim. In this neighbour- 
hood it amounts to 26° at the period of the South-west Monsoon ; in September 
the higheat temperature recorded being 92°, and the lowest 6G°. A similar 
difference has been observed in July and August. In June and October the 
difference in the extreme temperature is 16°» and the least difference, 7^, occurs 
in February. 

Currents of the North Atlantic. — The Pilot Chart for June has a map 
representing the drift in the North Atlantic, as indicated by bottle papers re- 
tamed to the Hydrographic Office during the last six months, a star marking 
the spot at which the bottle was thrown overboard, a circle the point at which 
it was recovered, the line joining them being drawn in a majority of cases as 
nearly straight as intervening bodies of land would permit, and in the remainder, 
conforming to some extent with the well-established result of current observa- 
tions. This chart, taken in conjunction with that of July 1891, published as a 
lapplement to the Pilot Chart, indicates a circular movement of the waters of 
the Atlantic around a point lying to the south-west of the Azores, and coinciding 
with the anticyclonic region, around which the prevailing winds blow in a similar 
direction. Starting from a point to the southward of the Grand Banks of New- 
foundland, the outer edge of this vast circulating system of waters mounts 
towards the north-east as fat as the 51st parallel of latitude, there becoming 
easterly. North-west of the Azores, a portion of the current again takes a north- 
easterly direction, which ultimately lands these bottles upon the coasts of Scot- 
land and Norway. The main body of the drift, crossing the meridian of 20° 
between AQP and 50° N. latitude, turns to the southward and parallels the shores 
of Europe and Africa until the latitude of the Canaries is reached, experiencing 
on its way south a slight deviation towards the Straits of Gibraltar. Quiting 
then the African coast, the external edge takes a south-westerly direction, unites 
with the northern portion of the equatorial cun*ent, and entering the Gulf of 
Mexico through the Yucatan passage, emerges as the Gulf Stream by the Straits 
of Florida. 

Although the period of drift for the various bottles covers widely differing 
intervals and seasons, the results for any one region show a fair degree of 
accordance. 



RECENT PUBLICATIONS. 

American Meteorological Journal. Janaary-May 1895. 8vo. 

The principal articles are : — Variations in the character of the seasons : by 
H. Gawthorp (7 pp.). — The cause of the cyclones of the Temperate latitudes : 
by W. H. Dines (6 pp.). The author discusses the problem of the formation 
and maintenance of the cyclones of these latitudes, and after examining the 
theories of Ferrel and Ilann, believes that the weight of evidence is decidedly 
in favour of the former's or the convection theory. — Recent foreign studies of 
Thunderstorms, V. and VI.: by R. de C. Ward (10 pp.). In these papers the 
author describes the work done in connection with thunderstorms in Russia and 
Switzerland during the last few years. — The study of atmospheric currents by 
the aid of large telescopes, and the effect of such currents on the quality of the 
leeine : by A. E. Douglass (18 pp.). — The study of atmospheric electricity at 
sea : by Prof. W. F. Magie (3 pp.). — Periods in Temperature : by Prof. H. A. 
Hasen (3 pp.). — The cause or cyclones : by Dr. A. Woeikof (3 pp.). This is a 
criticism ot Mr. Dines's paper mentioned above. — Meteorological problems for 
physical laboratories : by Prof. C. Abbe (4 pp.J. — Long range weather forecasts : 
by Prof. H. A, Hazen (4 pp.). — Topographic influence on the winds of the 
Weather Maps : by P. B. White (6 pp.). 
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Ciel et Terre. Revue PopuJaire d' Astronomie^ de Mhhrologie^ et de Thynqiu 
du Qlohe. Janoary-Jone 1895. 8vo. 

The principal meteorological articles are : — Fleurs de glace : par W. Prinx 
(20 pp.). This is illustrated by sketches and photographs showing the forma- 
tion of rime or hoar frost. — Les grands froids observes en Belgiqae : par P. 
Marchal (9 pp.). The lowest temperature recorded in Belgium during the frost 
of 1894-5 was — 26°'7atyille de Bois. In Brussels the lowest temperature 
recorded in any winter was — 6°'0 in 1775-6. — La p^riode de froid du 27 Janvier 
au 17 f6vrier 1895 : par A. Lancaster (8 pp.). 

Indian Meteorological Memoirs^ heinq Occasional Discussions and CompUa' 
tions of Meteorological Data relating to India and the neighbouring 
Countries. Vols. V.- VI. 4to. 1894. 

These contain the following papers : — The diurnal variation of atmospheric 
conditions in India ; being a discussion of the hourly observations recoraed at 
twenty-five stations since 1878. The stations dealt with in parts 4-6 of Vol. V. 
are Agra, Allahabad, and Lucknow. — The relation between sun-spots and 
weather as shown by meteorological observations taken on board ships in the 
Bay of Bengal during the years 1856 to 1879 : by W. L. Dallas. The author 
says that considering that the observations investigated extend over a period 
embracing only two cycles of the required number of years, and that the number 
of observations aviuiable for the different years varies so largely, the curves 
appear to afford confirmatory evidence that, side by side with other variations, 
there exists in certain classes of terrestrial phenomena an eleven-year cycle 
agreeing to a certain extent with the eleven-year cycle in the solar spots. As 
opposed to this, there is the fact that, so far as these observations show, there 
is no connection between the actual number of spots and terrestrial weather. — 
Investigation into the mean temperature, humidity, and vapour tension condi- 
tions 01 the Arabian Sea and Persian Gulf : by W. L. Dallas. 

Instructions to Observers of the India Meteorological Department, fiy J. 
EuoT, M.A., F.R.Met.Soc., Meteorological Reporter to the Govern- 
ment of India. 8vo. 108 pp. 1894. 

This book is intended to supersede the Indian Meteorologists^ Vade Meeum^ 
which is out of print. Meteorological observers in India now merely take the 
readings of certain instruments and forward the observations by telegram or by 
post to the Meteorological Office. The reduction and preparation of the data for 
subsequent use and discussion is done in one or other of the Meteorological 
Offices in India. Hence this book of " Instructions ** is confined to a descrip- 
tion of the various instruments in use at the meteorological stations in India, 
the precautions to be taken to maintain them in cood order, the methods to be 
usea to restore them to good order when it is possible for the observer to do it, and 
the proper methods of reading the instruments and of taking and recording the 
observations. 

Kongliga Svenska Vetenskaps Akadeniiens Handlingar, Band 20. Afd. !• 
No. 8, 8vo. 1895. 

Contains : — Sur la distribution & Vienne et ^ Thorshavn des 616ment8 m^6o- 
rologiques autour des minima et des maxima barom^triques : par P. Akerblom 
(36 pp.). This is a continuation of an investigation of a similar character 

Eublished in 1883 by Prof. Hildebrandsson, as regards Upsala only. Dr. Aker- 
lom has chosen Vienna as a continental and Thorshavn as an oceanic station, 
and has investigated the distribution of each element as regards the position of 
the observing station with respect to maxima and minima. The paper doea not 
allow of being abstracted for these pages, but it is of interest to find that 
in several particulars Dr. Akerblom's results confirm those given by the Rev. 
W. Clement Ley in his paper on " The Relation between the ITpper and Under 
Currents of the Atmosphere around areas of Barometric Depression,** which 
appeared in the Quarterly Journal Roy. Met, Soc, Vol. III. (1877), p. 437. One 
very interesting result comes out from the paper. The observations of M. 
Richter at Ebersdorf in Silesia have shown that the motion of cirrus in that dia- 
trict are very different from those found to exist both in Sweden and England. 
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Dr.Akerblom has tested the Silesian reBults by others from other places in North 
Oennany, and he says that he can arrive at no other conclusion than that in 
Sweden and England the axes of cyclonic disturbances reach up into the region 
of drms clond, while in lower latitudes the disturbances have less vertical depUi. 

Mstearoloffisehe ZmUehrift^ Bedigirt von Dr. J. Hann nnd Dr. G. Hbllhann. 
December 1894- April 1895. 4 to. 

The principal articles are : Zum 250 j&hriffen Jubilaum des Barometers : von 
6. Hellroan (6 pp.). This is a rdsunU of the correspondence in Italian which 

Sassed between Torricelli and others in the years 1643-44. — Natur und Ursache 
es Polarlichtes : von A. Paulsen (12 pp.). This is a paper translated from the 
Verhandlungen der Konigl, ddnischen Akademie der fVissenschaften in Kopenhagen, 
Dr. Paulsen, during his stay in Greenland in 1882-3, had copious opportunities of 
observing aurora. He found that the steady displays did not affect the magnetic 
needle, while those that moved rapidly did affect it. The curtain displays had 
the greatest action. The author goes on to show that it is not the electricity 
which produces the aurora, but that the former is a secondary phenomenon due 
to the latter. He considers the auroral light to be a phenomenon of fluoresence, 

E reduced by the absorption of an energy developing itself by radiation and 
aving its origin in the upper region of the atmosphere. In other words, it is 
not the arch or the curtain which emits the light, but invisible rays which become 
luminous by change in the energy. — Der Regenfall auf den Hawaii Insein : von 
J. Hann (18 pp.). This is an interesting account of the climate of the Sandwich 
Islands, based on the observations collected by Mr. C. J. Lyons, Director of the 
Weather Bureau in Honolulu. Dr. Hann discusses wind and rain. He shows 
how the Trade wind blows constantly at low levels, and becomes a wet wind as 
it is forced to ascend, and a dry wind after it passes the coin. If the moun- 
tain range is too high for the Trade to get over it, regular land and sea breezes 
set in on the lee side. The paper contains several rain tables, and gives us more 
complete information than exists for any other group of islands in the Pacific. — 
Ueber das Wetterlenchten : von Dr. W. Meinardus (8 pp.). This is an attempt 
to explain the inaudibility of thunder in the case of sheet lightning by the total 
reflection of sound waves from air strata of different density superposed on each 
other. The author cites as a proof of his theory that thunder has oeen heard in 
balloon ascents at much greater distances than ever occurs at the surface of the 
earth. The explanation is the same as that of mirage for waves of light. — Zur 
Kenntniss des taglichen Ganges der Luftfeuchtigkeit in den Tbalem der Cen- 
tralalpen : von Dr. F. V. Kerner (9 pp.). This is a discussion of observations 
carried on with Kappe*s hair hygrometer for four summers at Trins, in the 
Ckchitz Thai, in the district of the Brenner. The investigation is carried out 
in great detail as regards the variations in vapour tension and relative humidity 
with different winds, such as Fohn winds and South-easterly wind. — Temperatur 
and Fenchtigkeitsbeobachtungen ilber und auf der Schneedecke des Brock en- 
gipfels: von Dr. R. Sfiring (8 pp.). These observations were carried on 
through the winter of 1893-4, and give a fuller amount of material of the 
action of a snow covering than existed elsewhere. The following are the final 
results : — 1. In making such observations no protection from wind can be used, 
as the differences materially depend on wind force. 2. The difference of tem- 
perature between the air and snow surface increases with temperature and with 
cleamesB of sky. The differences at the height of 1 cm. are reduced to one 
half their value. 3. With cloud or snow, the snow surface is usually warmer 
than the air. This arises from the quicker cooling of the air. 4. The vapour 
tension and relative humidity of the air is usually greatest immediately above 
the snow. 5. The conditions for the evaporation of snow are much more 
favourable than for condensation. The setting in of the latter is generally 
shown by the occurrence of hoar frost. — Wolken-studien von Clement Ley : von 
H. Hildebrandsson (9 pp.). This is a review of the first portion of OUmdlandy 
and it merits careful study from Dr. Hildebrandsson^s eminence as one of the 
highest authorities on and most diligent students of clouds. He points out that 
Mr. ljey*8 altitudes differ considerabnr from those of other observers, and also that 
the idea of basing a classification of clouds on the differences of origin of the 
different types is premature, as the agencies which give rise to clouds have not 
sufficiently oeen studied. Dr. Hildebrandsson compares Mr. Ley's classification 
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of clouds with that adopted by the Committee at Upsala. — Ueber Q^nH 
dang und labiles Gleichgewicht der Atmosphare : von Prof. W. voa. 
(4 pp.). This paper on the formation of thunderstorms, and on the Jl 
equilibrium of the atmosphere, was originally prepared for and aeiil; 
Chicago Congress, but as it has not yet been puolished in English, Pn 
Bezold brings it out in German. He first reminds his readers of the^i 
tion Mohn has drawn between heat thundersrtorms and cyclonic thundoB 
The latter are characterised by occurring independently of diurnal period 
as common by night as by day, in contrast to heat thunderstorms, and "b* 
more frequent on the coast than inland. A necessary condition for the ] 
tion of a thunderstorm is the existence of a strong ascending current. 
a current must carry water up to a level at which it shall oe congli 
hailstones. The very heavy drops of thunder rain can only be expw 
their being hailstones thawed in their fall. This action also explains tt 
which comes on in thunderstorms. All heat thunderstorms are due to ij 
equilibrium in the atmosphere, and this is attributable to three separate jj 
viz. — 1, overheating of the lowest strata ; 2, overcooling of the upper Mi 
agency first pointed out by Prof. W. M. Davis ; and 3, retaraatioa. 
change of condition from ice to water. The author points out that ^ 
agency is very likely to come out at sea, as there the formation of oven^ 
air is most easily explained. The paper concludes with an appeal forc~^ 
observations from ships taken from self-recording aneroids, in order to 
phenomenon of the sudden increase of pressure in thunderstorms is 
at sea as on land. — Eine einfache Formel, die ungefahre Hohe der W^ 
dung bei adiabatischen Zustanden zu bestimmen : von R. Hennig (6 pp.)w1 

Rainfall in the East Indian Archipelago 1893. 8vo. 1894. 416 |fi 

The number of stations for which the daily rainfall is given is 194,j 
104 are in Java and Madoera, and 90 in Sumatra, and the various isli 
Eastern Archipelago. The station reporting the greatest rainfall in Ifl 
Pelantoengan, Java, 109''59' E. long. 1%' S. lat., the total amount beiajt,; 
ins. The greatest monthly fall was 45*05 ins. in February, of which ^| 
12*05 ins. fell on the 5th. '\ 

Remits of Rain^ River, and Evaporation Observations made in Nrnft 
Wales during 1893. By H. C. Russell, B.A., C.M.G., 1 
Government Astronomer for New South Wales. 8vo. 1894. j|| 
and 4 plates* 

In 1870 there were onl]^ 5 stations in the colony reporting rainfall ; IM 
Russell has an organisation of 1,286 stations. The rainfall for 189^ 
inches, which was very satisfactory. This, with the years 1889, 1890, ]|l 
1892, makes up a series of years during which the seasons were ezee||l 
good ; indeed, there have been no similar series of equally good feM 
highest floods on the Darling River at Bourke were 34 ft. 8 ins. on Mi«|j 
and 39 ft. 3^ ins. on July 15th. 

Syrnons*s Monthly Meteorological Magazine. January-May 1895. difl 

The principal articles are : — The Gale of Saturday, December 
(2 pp.). — The Thunderstorm of January 23rd, 1895 (5 pp.). — Classiflci 
Definition of Clouds: by A. L. Rotch (2 pp.). — The Frost of JanM 
February 1895 (6 pp.). — Earth Temperature» and Water Pipes (11 ppHJ 
Great Gale in the Mialands on March 24th (3 pp.). 

The Scientific Roll and Magazine of Systematized Notes. GonduiBli 
Alexandeb Ramsat. 8vo. 

The author has started another volume of The Scientific Roll^ which is l| 
to "Climate: Baric Condition." An abstract is given of various hom^ 
dealing with the barometer and atmospheric pressure, and also bibliognji 
works on the subject. Parts 1 to 7 have been published. 
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THE NOVEMBER FLOODS OF 1894 IN THE 

THAMES VALLEY. 
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(Plate 6.) 



[Bead Biay 15th, 1895.] 

Thb mass of data upon this subject is so great, that it is only by 
classification and by division of labour that it can be brought before the 
Society in anything even approaching a complete form. 

Our paper will therefore be divided into the following sections : — 

(1) Notes upon the flood of November 1894, and on previous floods. 

(2) Tabular list of the dates of recorded floods. 

(8) Chronological list of, and notes upon, Thames floods. 

(4) Damage in 1894. 

(6) Relative heights of the principal floods since 1750. 

(6) The rainfjBdl which produced the flood of 1894. 

(7) Bate of progress of flood down the river. 

(8) Levels of the flood of 1894, and calculations as to the volume 
discharged. 
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There is another preliminary gtatement which we desire to make, viz. onr 
indebtedness to the Thames Conservancy Board and to its Engineer for 
nnreserredly placing at our disposal the official records. We have pur- 
posely thrown the Conservancy Records into tables separate from those con- 
taining data otherwise obtained, and it is satisfactory to find that upon points 
respecting which information is afforded by both sources, the agreement is 
generally as close as could be expected, when we remember that the Thames, 
throughout the 150 miles of its course from its source until it reaches 
Teddington, has not a single automatic recorder of its height. 

(1) Not$8 upon the Flood of November 1894 and on previous Floods, 

(Contributed by various correspondents, collected from various sources, and 
arranged approximately from the head of the river downwards to Teddington.) 

HuNOBBFOBD. — The floods here exceeded all previous records ; they de- 
creased rapidly on the 15th, and by 10 a.m. on the 16th the streets were 
nearly dear. 

OxFOBD, Maodalbn Collbob Labobatobt. — The height of the Cherwell is 
taken at 10 a.m. daily near Magdalen Bridge, our zero being 178*90 ft. above 
Ordnance datum. The highest floods since January 1st, 1877, have reached 
the following altitudes : — 



ft. 



ft. 



1882, Nov. 10—184-15 
1888, Feb. 12—184-95 
1887, Jan. 21—184-80 
1894, Nov. 16—184-56 



1877, Jan. 5—184-56 

1880, Feb. 21— 184-1« 
„ Oct. 9—184-06 

1881, Deo. 20—184-04 

1882, Oct. 26—184-90 

The floods of October 26th, 1882, and of February I2th, 1888, were therefore 
about 4 inches higher than the recent one, but no other was equal to it. 
The daily values from October 28rd to November 80th, 1894, were as 
under : — 



ft. 
Oct. 28—179-01 
24—179-89 
25—179-51 
26—179*67 
27—180-20 
28—180-58 
29—180-79 
80-180-82 
81—181-45 
Nov. 1—181-77 
2—182-10 
8—182-89 
4—182-26 



•• 



if 



»t 



»> 



)f 



if 



tf 



• I 



M 



I) 



•f 



ft. 

Nov. 5—182-05 
6—181-66 
7—181-26 
8—181-50 
9—181-59 
10—181-62 
11—181-52 
12—181-64 
18—182-61 
14—182-99 
15—184-40 
16—184-56 
17—184-08 



tt 



19 



>» 



• • 



tf 



l> 



ff 



ff 



tt 



ft 



tt 



tf 



ft. 

Nov. 18—188-65 
19-188-88 
20—182-97 
21—182-70 
22—182-44 
23—182-24 
24—181-94 
25—181-60 
26—181-21 
27-180-97 
28—180-74 
29—180-62 
80—180-42 

J. J. Manby. 
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Oxford. — The following are the levels of the floods of 1891 and of 1894, 
referred to Ordnance datum : — 









1891. 


1894. 


Excess. 








ft. 


ft. 


ft. 


King's Weir, 2J mUes NW 


194-86 


196-10 


•25 


Godstow Lock, 


1^ miles 


NW 


190-78 


19108 


•25 


Mean of 8 records in the 


City 


187-66 


188-26 


•70 


Water Works 




. • • 


188-41 


184-80 


1-89 


New Hinksey 




... 


182-62 


188*60 


1-08 


MeyBoad 




... 


181-79 


188-80 


1-51 


Iffley Lock 




... 


181-86 


182-74 


•89 


Eennington 




« • . 


180-10 


181-90 


1-80 



W. H. White, C.E., City Engineer. 

OxFOBD. — The flood of 1894 was highest on Friday (16th). Here the 
1876 flood was much greater than that of 1862. 
Abingdon. — The rainfall measured at the Sewage Farm at 4 p.m. was : 

ins. 

Nov. 12th ... 1-68 J 

„ 18th ... -40 1 8-65 ins. in three days. 

„ 14th ... 1-72' 

„ 16th ... -09 



8-74 
The level of the water in the Thames, from information supplied by the 
respective surveyors, was : 



Town. 


Normal Level. 


Flood Level. 


Bise. 


Date. 




ft. 


ft. 


ft. 


Nov. 


Oxford 


179-60 


188-80 


8-70 


16th 


Abingdon^ 


162-00 


168-96 


6-96 


16th 


Reading 


120-60 


127-82 


6-82 




Henley 


... 


... 


6-26 


16th 


Maidenhead 


78-62 


81-66 


7-94 


17th 


Windsor 


58-86 


67-78 


8-87 





The level of the Ock river, in Ock Street, on November 16th was 172*22 
ft. above Ordnance datum, and that of the Stert stream, near the Railway 
Station, on the 14th was 176*87, and the flooding at Abingdon was due 
rather to the volume of water brought down by these streams than to that 
brought down by the Thames. 

At Abingdon Lock the 1894 flood was 4 ins. above that of 1876. 

At Clifton Bridge the 1894 flood was 6 ins. above that of 1876. 

G. Winship, CE., Boro* Surveyor. 

LoNa WiTTKNHAM. — The following have been the principal floods for 
nearly 200 years. The heights are the heights above high water mark : — 

1764, Jan. 14 — The greatest for 80 years. 

1768, Deo. 8, 7 ft. 7^ ins. — Rapid thaw after snow; greatest for 80 years. 

1 Opposite St. Helen's Ghoroh. 
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1774, Har. 10, 8 ft. 1 in. — Ghmiest for a eeninry ; carried away Henley 

Bridge. 
1809, Jan. 27, 9 ft. 1 in. — Greatest on reeord, 5 ins. above 1894. 
1821, Dec. 26? 8 ft. 10 ins. 
1852, 7 ft. 10 ins. 

1875, Nov. 15, 8 ft. 1 in. 
1894, Nov. 16, 8 ft. 8 ins. 

In 1894 the level was nearly nniiorm from 10 a.m. to 4 p.m. on 16ih, 
bat the absolate maximnm was at 4 p.m. In 1875 the flood was also hi^- 
eet at 4 p.m., but on the 15th, not on the 16th. F. C. ClutUrbuek. 

LnTLB WrrTBMHAif.— Here the 1894 flood exceeded that of 1821 by 4} 
ins., bat it was 7i ins. below that of 1809. F. C CbUterlmck. 

DoBGHBSTBB. — 1894 flood not 80 high as 1809, but 5 ins. above 1821. 

Shilijmofobd. — ^In the malthonse wall by the riverside are two stones — 
one records the level of the flood of December 8rd, 1768, and the other 
(1 ft. 6i ins. higher) that of January 27th, 1809. The flood of 1894 was 
7 ins. above that of 1768, and Hi ins. below 1809; it exceeded that of 
1852 by 1 ft. 5 ins., and that of 1875 by 2 ft. 4 ins. 

Pbxston Cbowmabsh. — The 1809 mark at ** The Swan " was not reached 
by 1 ft. 9 ins. 

Wallimofobd. — The highest point in 1894 was 151*40 ft. above Ordnance 
datom, or 10 ft. 6 ins. above smnmer level. At Bosh Court the 1894 flood 
was 12 ins. below that of January 27th, 1809, and 14 ins. above that of 
1875. Below Wallingford Bridge the excess above 1875 was greater, being 
17i ins. 

CbBiNO. — The flood in 1894 was highest on the night of the 15tii, and 
until 2 a.m. on the 16th ; it was about lift, above ordinary level. 

WmTOHUBOH. — The following notes are in the Begister of this Parish : — 

1765, November. A greater flood than ever known. 

1770, February. Another flood, but 4 ins. lower. 

1774, February (? March). A flood 14 ins. higher than either of the 
above. 

1809, January. A very high flood. 

By the description of the local marks which the flood of 1809 attained, it 
may be judged that 1894 was the exact counterpart. The contributing 
cause of the late flood was — that all the local small streams were greatly over- 
charged by the first fall on November 12th of 1*56 in., before they had 
discharged came the second fail of 1*60 in. with a repetition by the brooks 
just as the bead waters of the Thames delivered the accumulation from 
above. On Thursday, 16th, at 4 p.m., I had seen my neighbour's horses 
put up in my stables without reason for fear, and at 9 p.m. the horses were 
standing a foot deep in water. This height continued till Saturday, 17th, 
when a marked decline was visible, which rapidly increased. J. Slatter, 

Mapledubham. — On the 15th, at noon, the ,water in the Parish Church 
was several inches above the mark of the 1764 flood* 

BEAPiMa. — ^In the register of St. Mary's Parish, it is stated that on Jan- 
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nary 18-19, 1678, there was a greater flood than oonld be remembered by 
any person then living. The ordinary level of the Eennet above the weir at 
the pumping station is 116*25 ft. above Ordnance datum ; in 1891 it rose to 
122-08 ft., and in 1894 to 122*78 ft., or an excess of 9 ins. above 1891. 
The flood of November 17th, 1852, was 2 ins. higher than that of Novem- 
ber 16th, 1875. At Gaversham Bridge the ordinary summer level is 
120*50 ft. above Ordnance datum, in October 1891 it rose to 124*82 ft., and 
on November 16th, 1894, to 126*05 ft. 
SoMNiNa. — The great floods of this century have been — 

1809 



1821 






1852 


Nov. 17 




1875 


Nov. 16 




1882 


Oct. 28 




1891 


Oct. 24 




1894 


Nov. 16 





above high water mark 



8 ft. 8 ins. 
8 ft. 5 ins. 
8 ft. 8i ins. 
8 ft. 2 ins. 
4 ft. 2 ins. 

I have not the precise figures for the early years, and owing to changes in 
the river they would not be strictly comparable. J. Witherington, 

Henlet. — ^The flood in 1894 rose 1 foot during the night of November 17th, 
and began to fall on the 18th. It was 12} inches less than that of 1809, 
but 14 inches greater than that of 1852. R. Pratt, Boro* Surveyor. 

Mablow. — The flood was highest on the 17th, and fell on the 18th. It 
was weU above those of 1852 and 1875. 

BocTBNE End. — The 1894 flood was 6 or 8 inches higher than that of 1852, 
and higher than known by any person now living. E, Townsend. 

CooKHAM. — The flood at 4 a.m. on 18th (? 17th) was 9 inches above any 
existing record. 

Boulteb's Lock. — The flood was highest at 2.15 a.m on 17th ; it was 
6 ft. 8 ins. above high water level, and 1 foot higher than previously 
recorded. 

Taplow. — The 1894 flood was from 5 to 12 inches above that of 1852. 

Maidenhead. — The following levels were taken as under : — 

Oct. 2, level of river 70*62 ft. above Ordnance datum. 
Nov. 1 „ „ 75*42 „ 

15 „ „ 8000 „ 

16 „ „ 81*00 „ 
„ 17 „ „ 81*56 „ 

The flood was from 6 to 8 inches above that of 1852. 

W. Fletcher Bobinson, C.E. 

Slouoh. — ^At the Waterworks the river rose 22 inches between the night 
of the 17th and 6 a.m. on the 18th, 

An engineer reports that the 1894 flood was 4 inches above that of 1852, 
and 18 inches above that of 1877. G. BenUey. 

WiNDsoB, — Higher than any previous record, the nearest being in 
1742, which was a few inches less. 



tt 



fi 
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91 
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ft. 


in. 


1821—62 


6 


1828—62 


8 


1824—51 


8 


1828—61 


2 
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Eton. — ^In the College battery ig marked the level of the flood of March 
10-11, 1774 ; the flood of 1894 did not reach it by 4i inches. 

R. F. Oraniham, C.E. 
Stainbs.— The 1894 flood here was 10 inches below that of 1821. The 
following are the flood levels at Staines (of 61 ft. and upwards) as given in 
the Appendix to the Report of the Select Committee on Thamee Floode Pre- 
vention (1877), bat referred to Ordnance datam ; — 

ft. in. 
1841, 61 1 

1862, Nov. 18—61 8 

1876, „ 17—51 6 

1877, Jan. 11—61 5 
1894, Nov. —61 8i» 

R. F. Grantham, C.E. 

Chebtset. — ^Flood just eqaal to that of 1862. 

Bhkppbbton. — The 1894 flood was five inches above that of 1821. 

BuNBUBT. — The 1894 flood is said to have been the highest since 1742, 
4 inches above that of 1821, and 8 inches above that of 1862. 

E. MoLESBT. — The flood in the Mole was highest on November 14th, 
that in the Thames on the 18th. This flood was several inches higher than 
that in 1877. M. C. Jenhyne. 

E. MoLESET. — The flood was highest from 9 a.m. to noon on the 18th ; 
it was 14 inches above that of 1877, but 8^ below that of 1821. 

Hampton. — ^There is a tablet at the base of Mr. T. Green's house (Old 
Ferry House) which records the level of the flood of March 1774, bat this 
was not reached by about a foot. 

M Spring Grove Wall the record of the 1862 flood was submerged 9 ins. 

Kingston. — The flood was 11 ft. 6 ins. above summer level, and 7 inches 
higher than that of 1877. 

Teddington. — The flood was above all recent ones, but 10 inches below 
that of 1821. 

Below TeddingtoBy therefore tidal 
Twickenham. — A greater flood than that of 1876 ; it was highest at the 
top of the evening tide on November 18th. There is a mark here of the 
flood of March 1774 ; that mark is 21 ft. 9^ ins. above Ordnance datum, 
the recent flood did not reach it by 2 ft. 9i ins. G. B Laffan^ C.E. 

(2) Tabular List of the Dates of recorded Floods. 

Note. — As far as possible these dates are those of land floods. In London 
damage has frequently resulted from high tides. The present paper deals 
with land floods above Teddington, and therefore above the reSich of the 
tides; some of the very early entries may refer to tidal iiyury, but aU 
known cases have been excluded. 

^ This last was taken by myself at the railway bridge over the river. 
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Tear. 


Date. 


Tear. 


Date. 


Tear. 


Date. 


9 




1765 


Nov. 


1866 


Jan. 18 


48 


— 


1768 


Dec. 8 


1867 


Mar. 27 


479 




1770 


Feb. 


1869 


Jan. 9 


978 


— 


1774 


Mar. 10-11 


»» 


Dec. 20 


1099 


— 


1795 


Feb. 12 


1872 


Jan. 26 


1240 


— 


1809 


Jan. 27 


• » 


Dec. 17 


1555 


Sep. 21 


1821 


Dec. 26 


1875 


Nov. 15-18 


1564 


Sep. 20 


1828 


— 


1876 


Dec. 9 


1660 


Nov. 11 


1824 


— 


1877 


Jan. 11 


1678 


Jan. 18-19 


1828 


— 


1882 


Oct. 28 


1680 


June 


1886 


— 


1888 


Feb. 


1742 


— 


1841 


Jan. 16 


1891 


Oct. 24-25 


1768 


— 


1852 


Nov. 17-18 


1894 


Nov. 16 


1764 


Jan. 14 


1858 


July 18 







(8) Chronological Ldst of^ and Notes upon, Thames Floods. 

A.D. 9. — The earliest recorded Thames flood. It is said to have over- 
flowed the banks, and destroyed many inhabitants. 

48. — The Thames overflowed, the waters extended through four counties, 
10,000 persons were drowned, and much property was destroyed. 

479. — The Thames much flooded, both above and below London ; great 
damage. 

973. — Thames greatly overflowed, many persons drowned. 

1099. — Thames greatly flooded on festival of St. Martin. 

1240. — Thames greatly flooded from rains. Extended above 6 miles at 
Lambeth. 

1555. — Sept. 21st, great flood in the Thames owing to excessive rains. 
It overflowed its banks, and Westminster Hall was flooded. 
. 1564. — Sept. 20th, Thames greatly overflowed. 

1660. — Nov. 11th, great floods in the Thames valley. 

1680. — June, great floods at Oxford. 

1762. — Great flood in the Thames valley. 

1753. — The vast extent of meadow from the source of the Thames to the 
river's mouth was almost covered with water. 

1764. — ^In the Register book of Bicester is a note that *< It began raining 
June 19th, 1768, and continued mostly wet weather till the beginning of 
February 1764 ; and [there] was a perpetual flood for the most part of 
November, December, and January, 15 weeks." A report from Abingdon 
dated February 11th, 1764, states that great distress prevailed among the 
bargemen, as they had not been able to work for two months, by reason of 
the floods, and one from Oxford ten days later (February 21st) says that the 
first barges started that day as the floods have so much abated. 

1768. — Heavy rains at the end of November. On December 1st the 
Thames at Reading rose 2 fb. 6 ins, in less than half an hour, to a point 
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higher than had been observed for 80 years. The Eennet and Loddon over- 
flowed tiieir banks. Burfield Bridge and part of Twyford Bridge were washed 
away. The Isis at Oxford rose 1 ft. 6 in. above any existing high water 
mark. The Exeter coach with six passengers and fonr horses was carried 
away by the flood near Staines, and all were drowned. The flood there was 
so excessive that 1,000 men were engaged in making drains to carry it off. 

1774. — March 12th, great flood in the Thames, partly tidal but chiefly 
dae to excessive rain. At Chesham and at Amersham (both in Buckingham- 
shire) a boat could be rowed through the town and the water rose 1 ft. above 
any previous flood. One farmer lost over 400 sheep. At Sandford, 8 miles 
from Oxford, and at Shillingford the brook was so swollen that a horse could 
swim over the high road. The West Country coaches were stopped at 
Slough and Staines. A chaise and pair of horses were washed away from 
Windsor. At Kingston the water reached the Town Hall, and it undermined 
the church, doing damage to the extent of £800, and' it also tore open some 
graves. At Teddington the water reached the church, and rose in it to a 
considerable height. It did not actually flood Westminster Hall, but was 
within a few feet of it ; nearer in fact than for forty previous years. 

1795. — Heavy flood in the middle of February. At High Wycombe 
inhabitants had to take to upper rooms. At Maidenhead carriages could 
pass through the flood only by opening the doors and letting the water flow 
through. At Staines the Thames on the 12th was 9 ins. higher than on the 
11th, and it was so high that the Southampton coach was upset. At Goln- 
brook, owing to the road being covered, four vehicles were upset, viz. the 
Gloucester and the Windsor coaches, a chaise and a waggon. At Hampton 
and Sunbury much land was under water, and boats were used in the streets 
of Kingston. 

1809. — ^Flood at the end of January, due to rain melting deep snow. 
At Stony Stratford, on the 29th, a waggon and team were overturned by the 
flood and the driver and nine horses were drowned. So deep was the 
*' brook '* that not a vestige of the waggon could be seen, and it was six 
hours before the accident was discovered. A farmer going from Windsor to 
Stoke was washed into a field with his cart and horse. He was rescued by 
a boat. H.M. George IH. had to remain at Windsor, as the ford at Datchet 
was impassable, and Eton Bridge had been carried away. 

There was a flood four days previously (January 25th) which carried away 
bridges at Deptford and Lewisham, but it may have been tidal. 

1809. — Another flood occurred at the end of April. On the 26th the 
Windsor coach was overturned into the water on the Eton College playing 
fields. Boats were used in the streets, and the King had to go to London 
by Egham and Staines, as the road through Slough was flooded. 

1821-2. — ^Flood in the last days of December 1821. The Kennet and 
the Thames overflowed to a greater extent than for 15 [? 12] years. The 
road from Beading to Caversham was impassable, one bridge being carried 
away, and all communication with Oxford was stopped. At Pangboume 
some houses had several feet of water in their ground-floor rooms. The 
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flood at Maidenhead was about the same as in 1795, but not so high as about 
86 years ago [? 1774] . At Henley it was said to be the highest since 1809. 
There was no communication between Egham and Staines except by boat. 
On December 29th the water reached half way up the market place at 
Kingston. 

1823. — A sudden flood at the beginning of November. Seventy sheep 
were drowned near Aylesbury. The flood at Oxford was reported to be on 
November 1st higher than remembered, at Windsor also it was said to be the 
greatest for many years, Eton was surrounded and no one could traverse the 
streets except in a cart or boat, Windsor Little Park was flooded and no 
ciarriages could reach Windsor from Datchet. 

1841. — January 16th. Heavy snow was lying over much of the Thames 
valley, but there seems to have been, besides a thaw, some exceptional rain or 
bursting of a bank near Cranboume (2 miles south of Windsor), for in the 
course of half an hour after 9 p.m. so much water poured into Windsor 
that many of the streets were 4 ft. deep. At the Adelaide Hotel in Sheet 
Street, in less than 10 minutes from the first indication of a flood the cellars 
were completely filled. The flood continued to rise gently till about 1 a.m., 
and then subsided. A policeman hearing dogs crying called up the owner, 
who found his stable with 4 ft. of water in it, the horse in great distress, and 
the two dogs nearly exhausted with swimming and barking. The flood 
covered the Eton playing fields about 8 ft., and there were also considerable 
floods near West Drayton. 

1852. — The Duke of Wellington's flood, which was general over the 
country, was one of the great ones in the Thames. A correspondent at 
Charlbury, Oxon., said (referring probably to November 12th to 19th). ** The 
Evenlode Valley has for more than a week been like an immense lake.'* Of 
Oxford on November 15th it was said, *' This city stands literally in a sea of 
water, the whole of the surrounding country being flooded.'* The report 
from Reading (18th?) says, ** No parallel flood has occurred since 1841, and 
none exceeding it except that in 1809, which was produced by the sudden 
melting Qf deep snow. The Thames was highest on November 17th, but 
the Eennett was higher on November 28th. Caversham lock was much 
damaged." At Windsor (on 15th ?) part of the Home Park was 4 ft. under 
water, but even that was exceeded 12 years ago (t.^. in 1841). Aft^er about 
the 19th the flood decreased until the 28rd, but then it turned to rise, and 
on the 25th was as high as ever. At Putney the towing path was 6 ft. 
under water. Four miles of the Great Western lin^ was flooded between 
HanweU and Paddington. 

1853. — Excessive rain on July 18th and 14th, producing floods and 
washing away much hay. For miles on the eastern side of Banbury little 
but water could be seen, the Gherwell soon overflowed, and one of the mills 
was more deeply flooded than it had been for 50 years. In passing Reading 
it flooded much of the town, and at Swallowfield the meadows were under 
9 ft^ of water. This flood appears to have been even more disastrous on the 
Ouse, north-east of the Thames basin. 



198 RMOirS AMD GHATTBBTOV — ^PLOODB IN THAMBB TAUUIT. 

1866. — Slight floodi at Oxford and in the Thames between January 16th 
and F^nmary l(Hh. 

1867. — ^Thames over its banks at Windsor on Mareh 27th. 

1868. — On December 29thy Christ Ghnroh Meadow, Oxford, was nnder 
water, and so was most of the low-lying land near the river. 

1869. — ^Heavy rains in the first week of January produced considerable 
floods. Much land flooded near Beading. A horse and cart were washed 
away near Gaversham, and at Sonning and Twyford the floods were reported 
as higher than for many years. The hi^iest point at Maidenhead seems to 
have been on January 9th. 

1869. — Slight floods were produced about December 20th by rain during 
the previous week. 

1872. — ^A considerable flood in Christmas week. Oxford was surrounded by 
water, punts had to be used in some of the streets of Windsor and Eton, but 
the flood there was reported as 2 ft. below that of 1852. At Maidenhead it 
was reported as higher than any since 1852. 

1875. — July 15th-28rd. This was the period of the great Monmouthshire 
floods, and the Thames basin, though not suffering with equal severity, had a 
very heavy rainfall. Houses flooded in many districts, and railway traffic 
interrupted. 

1875. — November 10th-17th. A very heavy flood due to continuous 
rains, producing, along the lower parts of the river, higher floods than had 
been reported since 1852. 

1877. — January 11th. A high flood which had been accumulating from 
about Christmas reached its maximum on this day, and very nearly equalled 
the flood of 1852. There was the usual discomfort and injury in the upper 
part of the river, and as it synchronised with a very high tide, there was great 
destruction in Southwark and all low-lying places along the river. 

1882. — October 24th. Heavy rains in the middle of October, resultmg 
in considerable floods and consequent destruction of property. 

1891. — October 25th. An extremely wet month, floods rose steadily and 
at Oxford were highest on 25th. 

(4) Damage in 1894. 

With reference to the damage done by the 1894 flood, it is impossible to 
enter into details. It would be an endless repetition of the story of flooded 
homes, spoiled fomiture and provisions, of food, coals and letters conveyed 
by boats, and delivered into upper windows. We ourselves visited many of 
the houses which had had from 2 to 4 ft. of water in the sitting rooms. We 
heard of one where the billiard room was filled almost up to the ceiling. 
And these were not isolated cases, but streets, and roads, and crescents, we 
might almost say towns, have been built upon land which the slightest 
inquiry would have shown was fiur below the flood level of 1821, and there- 
fore unfit for human habitations of the usual kind. One of the sad and yet 
ludicrous features of a visit to the flooded districts was to see, rising through 



SmOMB AMD CBAITIBTOM — ^FLOODS Ut THAMES TALLIT. 



199 



• 

oe 


O 

aaa*a«*«*«MM«aa«««a«*a** ••••••• 

1 1 1 


• 

oe 

OO 


*aaaa«««a«a«M«««««ss«*»««««»«s«a 

**••••••••••*, ••••aa«««a««***aa«« 

1 ^ 


OO 


aaaaaaaaa*«»*aaaa** aa* aaaaa* a* aa 
••••••••••••Y»aaa*p»paa| aaaaa*p«| •• 


• 

rs. 

OO 


• —•.?" r- • -^ *• -"^ !". 

•| 1 • "Ti "1 •• '1 T • "I 1 • 


• 

H 

00 


o ^ ^ ^^ ' — 

^ « Y* m H rvoo rvi4-HO OO m on 

;, LLL*'* ••• #•• aaa 

•| • ' *l 1 1 1 1 1 1 1 1 '1 • -1 • -1 • • • 


• 


••••• aaaaaaaaa.r^ aaa* 

•••••••••••••••a aaaaaaaaa 


• 

00 
00 

M 


••••••••aaaaaa ^ aaaaaaaaa. 

•••• aaaaaaaaa.aalaaaa.aaaaa 


• 

00 


•••• • !^aaaaaaaaa. 

aaaaaaaaa aaaaaaaaaaaal aaaaaaaaa. 


• 

H 

00 

M 


••••• • .^ aaaaaaaaa. 

•••••••• • 1 aaaaaaaaa. 


• 

M 

OO 

m 


•!♦ •?!" ■* .rf :»•'«? . .? . 

+ •11 + • 1 1 I++- •+• 


t 

OO 


a*^a«^ *<00\.0...0... 

• • p«Ka ****4aaaaaaaaaaaa*...a. 

+ +++++ + 




.f- 2 ? p . .■? 

• 1 1 4- + ■ ■+ 


d 


•••••••••H* • aaaaaaaa 

•••••••••|»»»»»»aaaaaaaaaaaa.aaa 


• 

OO 


T 

• l^ ' • • ' • 

•^•••j • 


• 


?::::::::h« , 

•••••••••| a.aa aaa.a 


i 


• •, aaa 

1 • •!!::: 


• 
g 

QQ 


• •• a.. 

•••••• aaa ••aaaa.I. 

•g • • • • • • • 6p a. aaaaa aaal 

O • • • •»Q_- • •_ •BO aaaaa. 

• 89'* "11 ' "l 'S 

i!iiliii?|j|i{iil,ii, ill =ir 11.11 



oo 



200 tnCONB AND OHATTBBTOM — FLOODS IN THAMXB YALLBT. 

the water in dozens of localities, posts bearing large posters announcing 
''Eligible building land to let." Doubtless by this time some energetic 
speculator is busy erecting thereon a ** rheumatic trap " on what now looks 
beautiful in its mantle of green and of flowers, and he is tolerably sure to 
find some young couple to take possession of it and find too late that 
beauty is not everything. That the local authorities ought to pass such 
plans and to undertake to sewer such roads we deny ; but they have done bo, 
and untold misery is the result. 

(5) Rdative height of the principal Floods since 1760, 

Our next tables are adapted for reference rather than for reading aloud. 
They both have one object, that of showing the relation of the height of the 
1894 flood to that of previous floods, and they difier only in this, that one is 
compiled from a variety of sources, and attempts to go back more than 180 
years; the other is compiled entirely from data supplied by the Thames 
Conservancy, and deals almost exclusively with the floods of the last 20 
years. Roughly the result is to show (as might have been expected) that 
each flood has, so to speak, an individual character ; some are very high in 
one part of the river, others in another. For instance, the 1894 flood 
seems to have been lower than that of 1821 near Oxford, Staines, and 
Teddington, but higher at Long Wittenham and near Shepperton. Again, 
the 1774 flood was unimportant in the Upper Thames, but it carried away 
Henley Bridge, and in the vicinity of Teddington was far above 1894 or any 
other on record. 

Taking, however, a general view of all the facts, we think that it is 
certain that the 1894 flood was the greatest for 70 years. 

(6) On the Rain/all vhich produced the Flood of 1894. 

The heavy rain at the end of October did not do much mischief, and it 
had nearly all passed Teddington before the second heavy rain came, but 
that found the soil thoroughly saturated, and therefore produced that ** water 
running off water*' which is well known as a great factor in producing 
floods, and the recent disasters are but one more illustration of the inevitable 
resultant mischief. 

The Tables give the following information : — 

Table 11. The relation of the total of September, of October, and of 
November to the mean at 10 stations, over the whole area — September was 
17 7o below ; October 25 % above ; November 60 % ^ excess. 

Table in. The fall each day from October 28rd to November 18th at 50 
stations (p. 202). 

Table lY. The mean of the 25 western, of the 25 eastern, and of all the 
returns for each day. 

(7) Rate of Progress of Flood down the River, 

We expressed at the beginning of this paper our regret at the absence o 
automatic records of the flood levels, and this absence renders it impossible 
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nnst be remembered that we are not considering the rate of progress of a 
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Mseage of a flood along the Thames, complicated by the inflow at many points 
>f afflnents, some of them nearly as important as the main river. The note 
rom East Uolesey, that the Uole was highest /our day* before the Thames, 
llastrates the difficulty (withont a proper organisation] of computing and 
iredicting the time and height of coming floods, but the problem has been 
Kilved for the Bhone, for the Seine, for the Loire, and for many rivers in 





r&UUa WlTBBSHBD UOTI TlDDDrSIOll. 


OOTOBM IJKI. TO NOVIMBU iSiB, 1894. 












» 


.1 






«l 




ll'll 


h 




ll 






sl 


du 






















II 


Is 

H 3 


U 




If 


alii' 




If 


III' 




^ 


W 






^ 


"^1 




B 








in 


in. 


in. 




in. 


in. 1 in. 




in 


in 


Octobflt 13 


•07 


■09 
'T 
■04 


■66 
■06 


3 


:;; 


■05' -oH 


NoTBmberii 
'3 


';-• 


■?> 


J'li 
•fii 


i< 


•6, 




■li 




•=■! 


■06' -OS 




'04 






»; 




















-07 


■o± 




'♦4 


'+7 




: 


■w 


■S( 


■w 














M 




■0/ 












3° 


lOJ 




■07 


• 




































lfovemb«r i 


-„i.„ 


'«9 


. [-41 


■JO 




Total .. 


-JO 


774I8-01 



tWOMI Un> OHUTKBTOIt — FLOODS IM THAmfl VALLBT. 



■[ispqinf 


.g SRS; ?^ KSS-?-? .3 ?p r r??r" ?=? t ? ■ 


■mior -18 owoqisiia 


i?J^5.KS?."?rs^?:?Sr::rS?.p-*F?s 


■Vnoo nopB»ii«i 


.g??::r>afp?9.*:? :?3??*^S?:?c 


'W«Ii»tt!Ai B[wn 


d :»?& :+r:«pppJ : ; :? : :2 :??>!•? 


■noiamano 


i ;K??p^S^:?::? : :? : :=f^£f : 


■[imqn^] 
imqamun 


.g?.S>?^2^p?P?.?:: ::*:PP.-P?J:: 


■aoiffT BidMlfl 


.oSf p^rrpfpS? : : : : *3? &? fS.^'SS 




i^^p|=-SK?^:??r:i?:>P??r?rFS' 


-noraa nopJaiqy | .s p ."P- p r p rp r .- p : '■ :" : ? .0 ♦ry^f p 5 


■iw J pMHOM 


_gt'^rf.pj?^'s^_;r.rS'? ;"2 = r^«?r;p3 


■iinqjuia 


.3 s y^^ ;;?^??-= ? ?? 3 Pp? P ? .:f^^f ^ ?3 




■iinqoBa 


.g?>??;?S-.?^???? :pp>PP??J!C?:5 


■eiuoqnivi 


,g ?S??:=^? fT^.SffS ?? :^?&?FS5^a3 c 




-n^quopnH 


il^^Sfl-S.^??;^?; := :£':J??f?.??3 


■opBUpeT 


i^f?5ii«.n??;??:F:??r.2£.?.?2 : ; 


■ooiSniLnia 1««0 


sf^p'S^^rt'prr- :Sp*2?r?F8" :: 


■qanojoqSuoi | d-S J=S £■ ?k2 ^ = ^^ I K" ; ; TS ;-£**S-S-^3 3 


Moi«Al-eqvBO-«wnoa 


gSS,^^?£S'S^'Ss'8rSS ;^"-S-'St'S,}3 : 




■£io}08a dojaqiBH 


5 :fp ??.*=???"."??:?;= So ?.?■??,:: 


■pjoisdmsH 


H rsss ffSn^g-J-s s " : 5^?3.&? :?>-?v§ 3 35 




■aopn!*8 Jms 


.S?rp"?;^r"&?rP :8.5"r?r-?«?'* :p 


•noiaiH pBOjg 


d «*.?>?*?- J^?^ ? P ? :?^r ?f» t-« P-PP 


•nojwgjaqiJna 


g'2i:5'2".5 3S,2iS"S5S :3 S 3-2 SITtr^s 3 




■»11!A Brtqinog 
■onqtrajiatio 


_g-S^2 5=BS,-^K?^S3 :p : ?? p^ pJS?-?? 


[■iinqiaxl 


.gS5???;^?.3???253 i^.^ss;??-?;!? : 




i 1 

s 



BTJfOMS AXS OEITTKKTON — FLOODB m THAHXB TALLXT. 





■9,BBraa 


d?K!f?1l?_S:???| :r3S:-s?=5?,*? 


?pS 


r 




■iioiaag ni"I9M 


,<i|i ::SI;,fS5Sr;r! :* :| :?!f?f s 


p ; : 


S 




>»i""0 9tix 'a.asqiT -)S 


^•S?SI=?i'8,!f??;:5<;f :p.irs,r = si 


PP : 


♦ 




-MomBwj 'pio(PM, 


.sfKjrjS-jrsS'SpS :t ;!S: = r,SS?S = 


PP : 


a 




•llIH ■JBOBid .9 pI^.o ."?"?■? .^ Prp?" : ? ;?P ? r .*B ?!? 


?■?: 


1 


I 


•£io,»AiMqo«BH |,gp?>?;ir?rr:pS? : S 3^5? pt?.^?? 


P?P 


1 


■BBBno nowdqT.a 


.5° ? .-? + ?«'^p r 3 « :? p?p ~ ?r? ™ r 


Ipp 




j 


•[HH maniqy 


.9?^ ?•???.*??-"? :r '-^t? T^'fr'r? 


" : : 


t 




■nominoo qSiapreio 


.S "r?hP ??».3".- p ? p?p + ^^r?^-?? 2 


rp : 


9, 


I 


■[aiqsiBatia] 


.a?r:rpJ"ip?pr::?r^pppiS?S5p 


p : : 


£ 


1 




,gy*5'jr?,«f?.&5 :S ;i :rrM-5,SS 


513 


,| 


t 




,aWp.l;?S,3J^Sr=-:p :?:?.-?"*?■• 


?f ■■ 


1 


1 


■][BH nojdQ 


.3P?:lK?pKppP? r5:S:.r?iSWS 


SS : 




s 


•MSqBjoiio 'iaapaqo 


.g : ^iTSS? S J3? S Ip ? : IS ff? SRS KB 


PP : 




i 


■aiBttH ■[!*□(] %t3lQ 


,sS?,?f;c.SSEpS3a :S-:?:?SW?JO 


•8:: 




1 


■IPH 9.9tna 


as :^"^^ J?^;^ 2"3 ?5°*:: 2 ;:-^s.rs;r 






e 

• 






■aapon w^nqpass 


.g = J.SISSJ"»:o JoSS^S^^.SC^S 


tst 


? 






i 


■JlTOdPiaBaia 
■anmBuinoii 


goP:5j3,r5*^-SS:?:"o='5SJ;rrj 


■ • 


r 










1 


■JOBPBH 


.gptplffSpH:??? :i-":?:??K??? 


3S-: 


r 


■naepno i»»l»H 


g:S :TtrKS-«?'S"i: ; :5;*=S35S! 














a 


-Mopma^ 


d*«ai-SS*£yr = J;3 :^;fSS-5 53 














m 


■aojSoniBM. 


irirH'S-S-rSFf?? :r:.S rSSJ^S:, 


S3 ■ 


a 










B 


■MDOH ppgqwoij 


ri isffir^jj^-s™ :?;SS'J:?:»'SS 


tn ■ 


=s 








1 


''^IJ^X''^ .5 3-? P S-^r^ ?? ^ P if : 2 P^ 3 fT? 5:^ '^"^ ^ 


»p: 


f: 


p 


■infiini ppginwiS 


is^SiSa.JBStsJS:*?,?.!???,!?!?? 


ITSS 


.5 








1 




1 




r"'i'"""'""""" 



fl04 



STUOllB AUD OBATTSBtOlf — fLOODS IN TAkMMS VALLBV. 



(8) LeveU of the FUod of 1894 and Calculations at to the volume ditchar^ 
TABLE v.— Flood Litxus of thi Bim Thakbs. Fubnisbbd bt tbx Tbaxb 

GONBBSYAROT BOABD. 



Name of Look. 



• 



St. John's 

BOBOOt 

Eaton . . 

Badoot 

Bashey 

Northmoor 

PinkhiU 

Eynaham 

King's Weir 

Oodstow 

Medley 

Osney 

Iffley .. 

Sandford 

Abingdon 

Galbam 

Clifton 

Day's 

Day's Look House . . 
Benson Look • . 

Gleeve • . 

Goring • • 

Whitchoroh .. 
Maplednrham • . 

CaTorsham . . • . 
Blake's 

Sonning . • 
Sbiplake 
Marsh • • 

Henley Bridge, above 
Henley Bridge, below 
ELambledon Look . . 
Hurley 

Temple • • • . 
Marlow 
Cookham • • 
Boulter's • • 
Bray .. •• 
Boveney • i 
Bonmey • • 
Old Windsor 
BeUWeir .. 
Penton Hook 
Chertsey • • • . 
Shepperton •• 
Sunbury . . 
Molesey 
Teddixigton .. •• 



^77^' 



ft. 



xo8'67 






1809. 



ft. 



• • 



• 



109*81 
109*01 






i8ai. 



ft. 



• • 



157-05 



• • 



48*01 
41*46 
39»6 

33*64 
30*10 

2309 



1851. 



ft. 



15605 



• 






1875. 



ft. 



• • 



170*07 
166*70 
159*86 



155*68 
151*80 



13074 



119*54 



109*50 



104*95 
99*2 X 



93*60 
87*03 
82-I6 

77»7 
70*00 

66*97 

60*99 

46*8 X 

4X2J 

37-48 
31*08 






Not. 
1882. 



ft. 



188*14 
182*41 
179*16 
170*17 
i66*86 
159*87 

«S6-55 

• • 
15094 



135-70 
130*98 
124*04 



119*31 
113*94 
109*10 



104*48 
98*99 
9650 
93*00 

87*17 
81*87 

• • 

69*92 
65*66 
61*19 
53*11 



38*37 
32*13 

26*83 

19*39 



Feb. 
1883. 



ft. 



182*25 
179*16 
169*84 
166*35 

IS8-37 

1 5479 

• • 
150-68 



134-86 
130-77 
123*88 



119*31 
114*11 



104*82 
99.07 
9683 

93-S« 

8733 
82*20 

• • 

70*25 
66*25 
61*27 
52*69 



3862 
32*96 
27*83 
20*13 



1894. 



ft. 

237*08 

»3S*63 
231*26 

225*40 

220*29 

208*61 

202*80 

200*25 

»9S*39 
191*77 

189*48 

186*39 

182*79 

179-51 

170*42 

166*27 

160*79 

«5r35 

153*01 

'44'3$ 

"43'H 
1 36*20 

131*67 

124*96 

122*96 

120*16 

11530 

110*06 

108*73 

108 26 

106*28 

100*07 

97'97 
94-98 

8813 
83*18 
78*31 
71*40 
68*28 
61*91 

SS"^7 
4764 
4«-43 
38-55 
34'4a 
29-65 

22-14 
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United States, why shoold it not be done for the Thamefl ? At Hnnger- 
1 the streets were nearly clear of water on the morning of the 16th ; at 
ogdon the flood was highest in the afternoon of the 16th ; near Windsor 
on the 17th, bat at Teddington it oontinned to rise until nearly noon on 
I6th. We do not prestune to qnote any rate of translation, but evidently 
TM BO slight that neither a telegraph nor even a horse was needed to have 
rmed the inhabitants of E. Holesey of what was coming npon them, 
r houses are to be bnilt below flood level, sorely the oooapiers might be 
ned when to vacate their groond floors and have the piaoo carried 
tails. 
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in tiie paper whidi 
an tiie clatBtieB gircn 

It 

mesKfierTett 

hAd ino^Md floods, 
to demoKHtnte thjrt ibenTene was the 
oi the eaons vitkh prodoeed the h e ai> rmm£Jl 
Ae floods warn m nwful copt nhminn to the a e eouut of the floods 
m Kovemhcr last jear, and ih tw it » d dear^f that the excessiTe 
I entireiy due to the iiMncm cnts of two wffanH mrj il >|g f Hs i ntin 
Mr. R. W. P. BtmcK eiiaca s ed his appreciation of the di o r ou gh manner in 
wfaicfa the work inrolrcd in the preparation of the ytuper had been performed. 
He joined widi Mr. Tiatham in entering a protest a^Mnst the opinion wfaicfa 
was popolarlj hdd that land dwnage increased floods ; sodi an idea was an 
utter fldlacj. Probably the reason that people thongfait that floods were 
greater than in former year* was doe to the alteratian in the character oi many 
of the districts liable to be flooded, the localities wfaidi many yeais ago were 
meadow lands being now c o r er e d wiA dwelling hooaea, so the eoects of a flood 
in sndi districts were more serioos in modem times than formerly. Goneeming 
the di Tcrgepce b etwe en the line of mean faydrmolic gradient and'die water lines 
at Taiioos parts of the Thames (as shown in Mr. Chattertan*s diagram), he ssid 
that such floctoitfions were probably doe to the natore of the soil which the riTer 
passed tfaroogjfa, some facing soft and some liard, and the faed of the rirer conse- 
fpuaaHj not facing equally parallel to tfaat gradient in all ptaeee. 

Miyor L. Flowkb, in sup p oitin g the remarks made fay Mr. Tiatham and Mr. 
Bireh concerning the effect of land drainage on floods, said that he coold not 
imdatstand how it coold fae supposed that land drainage canaed floods, as tb» 
flew of water off nndrained land mnst fae more rafud than the flow from drained 
hmd. Floods were caused fay exoessire rainfoU, on high ground, flowing into tho 
rirers and swelling the stream. He thought that the diflferenoes faetween the 
doited line and the flood level shown in red on the diagram were due, as Mr. 
Birch had said, to the Tariations in soil of the district and in the faed of the river. 
Mr. £. K. BuBSTAL said that he wished to emphasize the desirability of plot- 
ting the faed of the nver on the diagram exhibited, as such information would 
fae most valuable. He had been professionally connected with several engineer- 
ing works in various parts of the Thames, and the paper had oonsequentlj 
considerable interest for him, as during the last November flood the copings of 
tibs new waterworks* filter beds at Oxford constructed by him were 2 ft. 4 int. 
a the flood level, while at the Windsor Sewage Works on the Ham at Old 
indsor the water was onl v one inch from the top of the cqpings of the preeipi- 
_ tanks, the latter of these measurements not a^ording a sufficient margin 
iitity. Ha suggested that information oonoeming the ehangas wiii^ had 
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been made in the bed of the river by dredging operations should also be obtained, 
80 that such changes oould be taken into consideration when comparing flood 
records of past and present times. There was one point in the river between 
Abingdon and Oxford where a great improvement had been made by the removal 
of a ridge of rock which formerly obstructed the channel. 

Mr. B. F. Gbantham said that he disagreed with the remarks which had been 
made that because floods were as high in past years as they are now, it was to 
be concluded that land drainage and improvements in arterial drains did not 
increase floods. It must be remembered that great improvements had been 
effected in the river valley, and in consequence the water was now able to pass 
away more easOy than formerly. He quoted the following table of the heighi 
of floods above Ordnance datum in the Upper Thames Valley and its tributaries 
above Wittenham in the years 1872 and 1875, and also alluded to some flood 
marks made by the Ordnance Survey on bridges in the district named. 



Locality. 



St. John's Bridge, Lecblade 

BadcotBridge 

TadpoleBridge 

NewBridge 

Gheqaers Inn, Bablock Hythe 

Swinford Bridge 

Badley Baflway Bridge 

Kenniogton Bailway Bridge 

Medl^Loek , •« 

lalip Bridge 

Ifagdalen College, Oxford 

Cnlham Bailway Bridge, abont ij mile above Long Wittenham 



1871-3. 


1875 


ft. 


ft. 


236-o8 


236*68 


%%S'7i 


226*55 


ii7'67 


218*02 


210*38 


211*10 


2o6*x6 


206*70 


»99*4S 


200*26 


I7i'68 


172*23 


179-89 


180*59 


188*96 


189*36 


194*67 


i94'94^ 


185-34 


185*76 


160*01 


160*71 



Bev. J. Blattkb said that the diagram exhibiting the longitudinal section of 
the Thames between Lechlade and Teddington was extremely interesting, but it 
might at the same time be misleading, as it must be remembered that the depth 
and volume of the river varied firom mile to mile. For instance, between 
Wallingford and Beading the river nearly doubles in volume, and the 
late Bev. J. C. Clutterbuck had shown that this was due to the channel cutting 
through the chalk, and the river was thus fed from the springs. He pointed' 
oat that at Oxford, where the flood level seemed low, the observations were 
made on the river Cherwell at about a mile from its junction with the Thames, 
and so did not represent the condition of the Thames itself. Besides the length 
and depth, there were also these other essential elements in the treatment of the 
question, vie. the breadth of the channel and the velocity of the current. He 
considered that it would be easy for the Thames Conservancy to send warnings 
of impending floods to those likely to be affected thereby, and he thought that 
the Board should be strongly urged to undertake this duty. From personal 
experience, extending over a number of years, he knew that at Beading the 
river was usuiJly 86 hours rising after a heavy rainfall. One cause of increasing 
the floods appeared to be that the water was kept in check till the mischief 
was imminent, and he thought that when the water was known to be rising, 
facilities should be afforded to allow it to pass away freely. Floods were of 
much less duration in recent years than in earlier tmaes, and the water sub- 
sided in one- fourth of the time it formerly occupied. 

Capt. D. Wilsom-Babkeb remarked that at Greenhithe no indications of the 
floods were discernible. 

Dr. A. BuGHAN commented upon the great lack of information concerning the 
height of floods in earlier vears, and suggested that a good deal of useful material 
concerning floods might be accumulated if careful inquiries were made of old 
people resident in localities liable to be flooded, and diligent search made for 
any marks upon buildings or bridges. Dr. Buchan quoted an instance in which 
a portion of a railway in Scotland had been destroyed by a flood, and said that 
at ihe time the railway was proiected inquiries were made concerning the 
heights of7floods, and one old shepherd pointed out a height to which the water 
attained when he was a " laddie ** as the highest he had known. The height so 



ao8 



DI80USBX0N — FLOODS IN THAMES VALLBY. 



pointed out being remarkably high, the engineers discarded the shepherd'B 
statement as being probably erroneous, and the railway was oonstmcted, allowing 
only for a lower level as the maximnm flood height. Forty years afterwards, a 
flood such as the shepherd had spoken of was experienced, and resulted in 
serious damage to the railway. Concerning the cause of the rain&U which gave 
rise to the floods of November 1894, he (Dr. Buehan) said that he remembered 
two marked cases of storms originating within the limits of the British Isles, 
and he would like to see the conditions of air temperature and humidity worked 
up in connection with the formation of such storms. 

Mr. G. J. Bthomb, in reply, said that it was not ee»y to get at satisfiBUjtory 
evidence whether agricultural drainage did or did not increase floods, because 
it was impossible to be sure that the producing causes of any two floods were 
similar, and unless the causes were identical no fair comparison could be made. 
The height of the flood at Oxford, as shown on the longitudinal section, was 
supplied by the Thiunes Conservancy, and referred to the main stream of the 
Tluunes, but it agreed very closely with the height given in the table of the 
height on the Cherwell. The importance of the proper and systematic mark- 
ings of flood heights could not be too earnestly urged upon the authorities, and 
it was difficult to understand why more was not done in that direction. 

Mr. G. Chattbbtom said that the questions of the connection between agri- 
cultural drainage and floods had been carefully avoided in the present paper, it 
being considered that such matters could lie more suitably discussed by the 
members of the engineering profession. Concerning the marking of flood 
heights, he understoiod it was the intention of the Thames Conservancy to 
suitably indicate the height attained by the flood of last November at the 
various points on the Thames, as shown in the longitudinal section. Mr. 
81atter*s idea concerning the method of getting rid of the excess of water would 
be quite impracticable, as the volume of water to be dealt with was so great, 
^e amount of rainfedl over the Thames Valley did not appear to be sufficient 
in itself to account for the November floods, and it would seem probable, in 
order to account for the present increase in the amount discharged from _ 
November 17th to 18th, of over 7,000,000,000 gallons, that there were certain ^ 
obstructions by fences and the like which up to a certain period held up the^ 
water, but, suddenly collapsing, caused the water to rush with irresistiblei^ 
force towards the main body of the stream. 

Mr. J. W. BsBTLBB, in a communication to the Secretary, furnished th^m 
following list of levels to which the water rose at various times betwee^czs 
November 14th and tJ2nd, opposite the Southwark and Vauzhall Water Con^^^ 
pany's works at Hampton. 

BZVSB LXVBLS DURIHO FlOOD TAZXN AT SUMHTSmi, HaKPTOH. 

Ordinary Summer Level 21*92 ft. above Ordnanoe Datum. 



1894. 


Time. 


Ordnance 
Datum. 


1894. 


Time. 


Ordnance 
Datum. / 






ft. 






ft 


November 14 


7.30 a.m. 


15-30 


November j6 


2.0 pjn. 


18-41 


»> f» 


9.0 „ 


»5*44 


M «7 


7.15 a.m. 


19-48 


II It 


1.30 p.m. 


*5-45 


•1 ti 


4^0 p.m. 


30-19 


i> IS 


7.30 a.m. 


26-43 


18 


7.30 a.m. 


31-01 


II It 


9-0 It 


26'52 


It 19 


9-iS II 


3048 


ti II 


3.30 p.m. 


26*91 


II 20 


90 .1 


19-10 


16 


7.0 a.m. 


27-82 


II »i 


11.30 „ 


17-18 


ti II 


930 t. 


28-16 


.. 22 


90 „ 


26-30 



The following levels were taken November 24th, 1894, in Stain Hill Park from mirki 
left by the senm, &o, of the top water level : — 

ft. 

Opposite Mr. Tatham*8 gate, " Homedale " 39*16 

At No. 3 Eempton Park Villas, mark on glass in bay window . • 32-01 
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Note on the Barometrical Changes preceding and accom* 
panyingthe Heavy Rainfall of November 1894. 

Bt FHEDEBICE J. BBODIE, F.B.M6t.Soo. 



[BeoeiTed May 7th.— Bead Ifay 16th, 1895.] 

A BBOOBD of the disastrous floods which ooonrred over England in Novem- 
ber last seems scarcely complete without some reference to the changes in 
barometrical pressure which preceded and accompanied the heavy rain&ll. 
I have therefore drawn up a few brief notes on this subject, and have repro- 
duced the Weather Maps for the close of the unsettled period, when the 
rainfall was heaviest and most general. 

During September and the early part of October 1894, a drought 
prevailed over all the more western and northern parts of the United 
Kingdom, the greatest deficiency of rain beiug reported over the west of 
Scotland and the northern and central parts of Ireland. Applying the defi- 
nitions conmionly accepted for the driest portions of England (a practice 
that seems to admit of little defeoce in dealing with districts in which 
the average rainfall is two or three times as heavy), it appears that at several 
stations in the west of Scotland there was an ahiolute drought lasting for 
more than three weeks, while over a considerable portion of Ireland and 
Scotland there was a partial drought lasting from five to seven weeks. In 
isolated portions of the western and northern counties of England an abso- 
lute drought lasted for 15 or 16 days, while at Falmouth there was no rain 
between September 26th and October 18th — a period of 28 days. 

After the middle of October, however, the weather underwent a complete 
change, and for the next four weeks the country was visited by a long suc- 
cession of cyclonic disturbances, the centres of which travelled mostly in a 
north-easterly direction, either outside our western coasts, or directly over 
the United Kingdom. During the first 10 or 12 days of the period the most 
important depressions observed were : — 

(1.) A system of moderate intensity, which advanced from the Bav of Biscay 
on October 19th, and which afterwards moved in an east-north-easterly direction 
across the south of England, and thence on to Denmark and the Baltic. During 
its progress. Easterly or North-easterly gales were exnerienced on many parts of 
our north-east and north west coasts, and Westerly gales in the English Channel, 
with heavy rain over nearly the whole of Ireland and England. 

(2.) A far deeper depression, with minimum readings below 28*7 ins., the 
centre of which traveUed in a north-north-easterly direction across Ireland and 
Scotland on the 24th, and which afterwards passed on to Scandinavia and 
NorUiem Bussia. The passage of this system was attended by strong gales 
from various quarters on nearly all our coasts, with very heavy rain in all the 
western districts, and, locally, at some of the southern stations. 

(8.) A rather shallow depression, which spread eastwards over Ireland and 
England on the 26th, but which gradually dispersed on the following day. In 
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this eoK gaJm were felt at the Channel atations only, but heavy rain again fell 
in many of our western and lonthem diitriota. 

(4.) A seriea of small depreesiona,— nibsidiary to a larger diatnrbanoe off oar 
north and north-wMt ooMte— vbicb pawed immediately av«t the kingdom on 
the 26th and SOth. These distnrbanoes, though too shallow to prodnoe mnofa 
wind, were attended by farther large qnantitiea of nin over tha southern ports 
of Ireland and England, the falls being in some oaoee exoaaaiTely heavy. 

Before dealing with what may be described as the omcial period in the 
history of the floods, vii. the four days commencing with November lltb, it 
will be readily gathered from the foregoing remarks that the l&tiet half of 
October waa characterised by nnnsnally bad weather, especially in the more 
western and sonthem parts of the United Eingdom, where (he rainfall wis 
ezoeptionally lai^e. The soil was, in fact, thoroughly saturated, and in the 
worst possible state for meeting the tremendona excess of run which occurred 
after November 10th. 

On the morning of the 11th (see Map I), a depreesiou was passing away 
in a north-easterly direction to the northward of our islands, the barometer 
was rising a little on onr sonth-weat coasts, and fine weather prevailed over 
a considerable portion (4 the United Kingdom. The wind was from the 
Westward or South-westward, and blew freshly or strongly in the west an&. 
south. 




Uap 1. 
A black dot denotes that rain w 



Map 2. 
I falling in that loeality at the hour ot 



Map 2, for 6 p.m. of the 11th, shows that by that time a double set of 
changes was in progress. Off the west of Scotland there were decided 
indications of the advance of another large depression from the weatwari, 
while on otir Houth-woat coasts the downward trend of the isobar markrf 
29-3 ins., coupled with a brisk fall of the barometer at Scilly and a baclfing 
of the wind there from West to South-wost, seemed to show that a secon- 
dary disturbance waa approaching tho more aouthem parte of the Eingdom. 
On our north and east coasts the weather remained fine, but in the western 
parts of the English Channel, as well as in the north-west of France, stead; 
rain was falling. 
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The ebart for the following moniiiig (Map 8) showed that is the oonrse 
of the night the main dieinrbanoe had travelled north -eoBt wards, its centre 
being shown at 6 a.m. over Caithness. In the sontb a very decided 
ehange had oconrred, and from an examination of tha antomatio records 
made at Valencia, Soilly and Falmouth (access to which has been kindly 
granted bj the Meteorological Connoil), it is quite clear that a secondary 
depression of considerable depth had been rapidly formed slightly to the 
northward of the Beilly Islands. At Valencia the barometer fell very 
gradoally, and the wind veered from Boatb-west to North, while at 
Falmouth the mercnry went down qnickly after midnight, the changes in 
wind direetion both there and at SciUy being sudden and very peculiar. By 
8 a.m. on the I2th the centre of the secondary depression lay a little to the 
Bonth -eastward of the Scilly Islands, the wind being strong to a gale from the 













/?'■ 


^^/ 


r.i 



Nov IZ"^ 


iZ3Z 


4 


-r i 


'" K 






■^^iX 




^ ^ 


aao 


^^t'^ 




Y?^^ 




p.. 


Z3e Vi 


^£<i 


V/ 


i 


X 


-f 


\ 





Maps. 



Hap 4. 



Southward or South -westward at the Channel Stations generally, bnt from 
the Northward at Scilly. Steady rain was now falling at nearly all stations 
in the south of England as well as in the north of France. Later in the 
day the main depression over the north of Scotland entirely dispersed, while 
the secondary in the south moved steadily eastwards along the Channel. By 
2 p.m. the centre of the latter system lay about midway between Frawle 
Point and the Channel Islands (the minimum pressure oocnrring at Fal- 
mouth at 1 p.m.), while at 6 p.m. it was situated a little to the south- 
ward of the Isle of Wight (Map 4). In the south-west of England the 
weather now showed some improvement, bnt in all other parts of our 
southern districts rain continued to fall steadily, while in the course of the 
evening, when the centre of the disturbance travelled north-eastwards, 
lightning, thunder and hail were experienced over our soath-eastem connties. 
By 6 B.m. on the 18th (see Map 5} the depression had reached the Danish 
coasts, and the weather over England had become fine and bright, with 
moderate to fresh breezes from the westward. In the exijeme west of our 
Islands, however, the isobars were again trending downwards, a decided fall 
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of the barometer being reported in the west of IroUnd with a return of the 
wind to the Bontbward and with an inoreaae of eload. Later on the ban>- 
metrie fidl became very rapid, and by 6 p.m. (Uap 6) a Urge depresnon 
was seen to be approaohing onr north-weet coast. Southerly and Sonth- 
westerly galea and nun were now reported at nearly all onr western statitma. 
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The chart for next morning (Uap 7) was Bomewhat similar to that for 
6 p.m. of the llth. In the coarse of the night the main depression had 
travelled north-eastward, and by 8 a.m. of the 14th it was passing away to 
the northward of Scotland. In the neighbourhood of the Bristol Channel, 
however, there were again some iodioations of the formation of a secondary 
disturbance, the compression of the isobars due to this small system result- 
ing in further gales from the South and South-west over the Channel. 
Steady rain had now set in over nearly the whole of England, the weather 
in Ireland and Scotland being comparatively fine, though ahowery in plaoea. 
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Later in the day the aeoondary distnrbance imderweDt a gradual prooesH of 
development (though not to anything like the same extent as in the cage of 
the former diBtarbanoe), and moved eteadily eastwards across the sonthem 
parte of England, its oentre being shown at 6 p.m. (Map 8) over the south- 
eastem comities. During the aft«moon a severe gale from the southward 
was experienoed on the Kentish coast. In the coarse of the ensuing night 
the depreseioD appears to have made very little progress, and at 6 a.m. on 
the 16tb (Uap 9) the centre remained over the soath-eaat of England, steady 
rain being still reported at many of the eastern and sonthem stations. Later 
on, however, the system moved north-eastwards and dispersed : the weather 
in the sonth improved decidedly, and the period of heavy runfall was prac- 
tically at an end. 
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The conclnaion of the whole matter seems to be that the torrential rains 
of November llth-14th were cansed by two secondary depreesions, each of 
which developed a certain amount of mtensity. In the case of the former 
the depression grew to such an extent as to entirely overshadow in import- 
ance its primary,— a feature not uncommon in the history of such systems. 
In the latter case the secondary never attained very mach prominence, the 
cyalonio oironlation round its centre being only partially developed. The 
formation or growth of a barometrical depression is ordinarily attended by 
heavy rains, and the wetness of the weather at this time was, therefore, by 
no means surprising. The barometrical changes seem to furnish, however, 
bat a very inadequate explanation of the exceptional character of the 
rainfall, so that in this, as in many other cases, the meteorologist is forced 
to admit tbut there are factors in the weather of which at present very little 
ie accurately known. 
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A NATURAL THERMOMETER. 

By Rev. FENWICK W. STOW, M.A., P.R.Met.8oc. 



[BeceiTed March 27th.— Bead May 15th, 1895.] 

Most people will remember that the frosts of May 21 st, 1894, and the 
two following days, were remarkably severe for the time cf year ; and did 
much damage to the foliage of forest trees, and to all fruit trees that were 
then in blossom. 

A few days afber the frost, I noticed that some large spreading horse- 
chestnat trees near the village of Thoralby, and close to the stream known 
as the Bishopdale Beck, presented a curious appearance. The foliage of the 
lower branches was quite blackened, but halfway up less injury was done; 
while at the top, in spite of the greater exposure to radiation, from which 
the lower boughs were comparatively sheltered, the leaves remained tolerably 
green. It would have been difficult to show by a photograph the contrast 
between the appearance of the higher and lower branches, as the leaves 
which were blackened by frost remained on the trees, and would have too 
much resembled those which were still green. 

In the case of ash trees, however, a singular phenomenon presently showed 
itself, which I was able to photograph. Ash trees in this part of Wensley- 
dale and Bishopdale, at an elevation of 500 to 800 feet, usually oome into 
leaf at the beginning of June. 

In the spring of 1894 they were unusually forward. On May 21st they were 
all in bud, and a few warm days would have covered them with leaf. 

The effect of the frost on the higher ground was to retard their coming 
into leaf; but the buds were uninjured, and before the middle of June they 
were all in pretty full foliage. It was otherwise with those which stood in 
the wide and flat valley of Bishopdale, below Aysgarth Vicarage. 

On June 27th a large ash tree in the very lowest part of this valley 
showed scarcely a single leaf, the buds having been quite destroyed. Gross- 
ing the valley by the road, which rises very slightly, I observed other ash 
trees which showed leaf at the top. Further on, the leaf extended half-way 
down the trees, and at last, on approaching the village of West Burton, on 
the opposite side of the valley, the ashes were clothed with foliage all over. 
Close by was the garden of Mr. J. C. Winn, where a minimum tempera- 
ture of 23° had been registered in the May frosts in a screen of the Stevenson 
pattern — or rather, in the improved screen adopted by this Society. At the 
Vicarage, which stands between the main valley of the Yore and Bishopdale, 
and 180 feet above the latter valley, the minimum was 28°. 

As the leaf buds had not been destroyed near Mr. Winn's garden, which 
is some 25 feet above the lowest part of the valley, it is evident that the 
tempeiature which destroyed the leaf buds must have been lower than 23°. 
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There are many other ash trees in the valley, and, as far as I could see, 
all, according to their respective position, presented similar appearances. 
I did not see any tree bat that one absolutely devoid of leaves. But there 
was only one near it, and that one was higher and therefore had leaves at 
the top. 

It is scarcely necessary to observe that the local depression of tempera- 
ture near the surface of the ground in a valley depends upon the dryness of 
the air. If the air is moist and the night mists or frost-haze have extended 
some distance up the hillsides, the minimum will not be very low, but 
nearly uniform, within the limits of the mist, owing to the obstruction to 
radiation caused by the niist, and to the setting free of latent heat by its 
formation. But if it is very dry, and the dew point excessively low, the 
local depression of temperature in the lowest part of the valley may be very 
great. I used to keep a minimum thermometer in an extemporised screen 
not far from this unfortunate ash tree, and in the winter of 1881 it registered 

t 

— 18^. The late Mr. Whipple kindly ascertained for me the error of the 
thermometer, which at 0^ was 0°'9, so that the correct temperature was 
-12°, 9° lower than at the Vicarage. In the winter of 1879-80 Colonel 
Ward placed, at my request, a registering thermometer in a hollow place 
near the bottom of the valley at Rossini^re, in Switzerland, where he then 
resided. He obtained the astonishing record of — 87°, and for a week the 
average minimum of —25°. The record at his residence, only 100 feet 
higher, was — 12°, showing a difference of 25°. But I do not think that 
the air is ever dry enough in the British Isles to admit of so great a local 
depression as this. 

During the frosty period of May 1894 the air was dry, but not unusually 
80. I should have expected the local depression of temperature in the valley 
to be 6° or 8° : that is to say, the minimum to be from 22° to 20°. This 
agrees with the conclusion derived from the indication of Mr. Winn's ther- 
mometer, namely, that the temperature which destroyed the leaf buds was 
lower than 28°. 

It would seem that the indications of the ash trees, turned into Fahren- 
heit's scale, recorded a temperature of about 20°. 

I may add that in the severe frost in February of this year the air was 
not particularly dry. The frost-haze, as shown by the rime on the trees, ex- 
tended at some time in the night of the 7th as far up as the Vicarage, where 
the lowest temperature was — 2°'l. A little lower down, on the south side of 
the valley of the Yore, and a furlong from the Vicarage, — 4°'2 was registered. 
Mr. Winn's thermometer registered — G°. The difference therefore was not 
great. 
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HOURLY VARIATION OF 8UN8HINE AT SEVEN STATIONS 

IN THE BRITISH ISLES. 

By RICHARD H. CURTIS, P.R.Met.Soc. 

(Plates 7-18.) 



[Beoeiyed February 16th.— Bead Jane 19th, 1695.] 

Tab present is, I believe, the first attempt which has yet been made to 
deal with the sabject of the hourly variation of the duration of sunshine 
over a considerable area of the British Isles, by means of hourly tabulations 
of the records. The short time which has elapsed since the introduction of 
the sunshine recorder, as part of the instrumental equipment of meteoro- 
logical observatories, has made it impossible to deal with the subject earlier, 
and, indeed, it is not suggested that the period of 10 years which is now 
available is sufficiently long to yield other than approximate values ; I believe, 
however, that it is long enough to enable one to obtain a fair idea of the 
character and extent of the hourly variations for the months and seasons, 
and it is in this tentative way that the following remarks are offered. 

The data used will be found in the tables of mean results which are aboat 
to be issued by the Meteorological Office, as an appendix to the volume of 
Hourly Means for 1891, and I am indebted to the Meteorological Council for 
permission to use these tables before they are actually published. 

The instrument used at each of the stations dealt with is Sir G. G. 
Stokes* modification of Mr. Campbell's original recorder, introduced in 1880, 
in which the sun's rays are focussed upon a strip of card, where they bora 
a trace representing the sun*s path across the heavens. The record obtained 
is therefore one of bright sunshine as indicated by the intensity of the solar 
heat rays, and it affords no measure of the STm-light, or of the actinic rays, 
as apart from those of heat. 

Unless the heat rays have, when focussed upon the card, sufficient power 
at least to discolour it, no record at all is made, and this point is therefore 
the inferior limit at which the instrument will register ; on the other hand, 
when insolation is strong, and the solar rays are unobstructed, a clear bum 
of greater or less width is made right through the card, and therefore 
between these limits the instrument affords a rough scale of the intensity 
of the sun's heating power. In tabulating the records, however, no 
attempt was made to take intensity into account ; any visible trace, however 
faint, was measured, and the measurements combined without distinction 
with those obtained from stronger records. 

Until the sun has reached a certain altitude above the horizon its rays 
have not sufficient power to affect the card, and thus no trace is ever made 
within the 15 minutes immediately following sunrise or preceding sunset. A 
slight film of cirrus haze also, or even a slight haziness of the lower atmos- 
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phere, Bltboogb it may not prevent the snn from shiniiig with sufficient 
brightness to eanse faint shadows to be cost, will yet frequently enffice to 
intercept enough of the heat rays to atop the record. The low groond 
miete, more commonly experienced at snnrise than at sunset, have the same 
eSsot ; bnt the araoant of trace lost tbroagh them will obvionsly <lepend in 
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some dc^ee npon the position oocnpied by the recorder, which if placed 
near the gronnd, as at Btonyhorst, may be expected to lose more from this 
oanse than if it be placed high above the groond-level, as at Aberdeen ; the 
character of the Borrounding district is also a iactor of mnch importance in 
this connection. 

The following particulars as to the exposnre and position of the instni- 
mente at the observatories now dealt with onght to be given ; the stations 
are arranged according to latitode. 

Abbkdbbh, — The instninient is placed upon the Cromwell Tower of Aberdeen 
University, at a height of 75 feet aoove the ground, where it has a good eipoaure 
at all seaaens of the year. To the eaitward the bra is nut far off, whiUt the city 
of Aberdeen is about a mile distant to the south. To the west and north the 
ground rise*, with hills in the distance. 

Gi.ASaow, — The Observatory is in a western suburb of Glasgow, the neigh- 
bourhood of which city must neceaaarily affect the amount of aunshine recorded. 
The iuitniment is 24 feet above the ground, and has an unobstructed horizon for 
sunshine at all seasons of the year. 

AniuaH, — The height of the instrument above the ground is 3S feet, and its 
horison is perfectly free from obstruction, except for a few minutes at about 
4 p.m. during April and August, and to a lees extent daring May and September 
also. The Observatory ia situated on the top of a hill, a quarter of a mile to 
the north-eastward of the city, and about 100 feet above the general level of the 
surroDnding country, the character of which is pastoral and well wooded. 

StobTHDHST. — Tne recorder is only 4 feet above the ground, and the sun's 
rays are cut off from it by buildings for a very short time at sunrise in spring, 
and at sunset in midwinter. The exposure is otherwise good, and the surrouud- 
ioK country, although billy, is very open, 

Valencia.— Throughout the ten years the recorder was at the old Observa- 
tory, it was fixed 7 feet above the ground, hut its eipoaure for sunshine was 
good throughout the year. The Observatory was quite close to the shore, and 
although the surrotrnding country is hilly, it is not wooded, and the hills are too 
remote to interfere with the record. 
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Kew. — The instrument is placed 47 feet above the gronnd, on the parapet of 
the Observatory, which stands in the Old Deer Park to the north-west of the 
town of Richmond, and about three-quarters of a mile from it. The River 
Thames is less than a quarter of a mile away to the west, while to the north and 
east the level ground of the park extends for a considerable distance. There 
are no buildines near the Observatory in any direction, but it is poFsible^ that a 
few minutes of early and late sunshine may be cut off from the recorder in mid- 
winter by isolated trees. 

Falmouth. — The instrument has occupied two positions during the ten years. 
Until 1885 its height above the ground was 50 feet, but in that year the Obser- 
vatory ^as removed to a new site, and the height of the instrument was changed 
to 84 feet In both cases the exposure for sunshine was a perfect one, the 
observatories standing on high ground nearly 200 feet above the mean sea level, 
and quite above the chief part of the town of Falmouth. The surrounding 
countrv is hill^ and slightly wooded, whilst to the southward the open sea is 
only about a mile distant. 

Obviously, with so limited a number of stations as seven, scattered over 
an area comprising 7° of latitude and 10^ of longitnde, it wonld be nneless to 
attempt to draw any conclusions as to the general distribntion of sunshine 
over the British Isles. The following observations on the tables are there- 
fore offered without pretending to regard the respective stations as repre- 
senting more than the districts immediately surrounding each. 

There are two ways in which the records may be considered. Either the 
number of hours of sunshine actually observed may be dealt with, in which 
case, when comparing the records of different stations with each other, it 
becomes important to bear in mind the varying lengths of time that the sun 
is above the horizon of each place, and which is, of course, dependent upon 
the latitude of the station and the season of the year ; or the observed 
amount of sunshine at a station may be considered with reference to the 
amount which would have been received there, supposing the sun to have 
shone without obstruction during the whole time it was above the horizon, 
and that its whole duration was recorded. In the latter case the observed 
amount would be expressed as a percentage of the possible amount. Both 
these methods have advantages of their own, and therefore the results in the 
tables arc expressed in both ways, wherever possible. 

Turning to the figures, it is of interest to notice that upon the whole 
there is a fairly close agreement between the means for the two five-year 
periods into which they are grouped. From this fact it may be inferred 
that the ten-year means, with which alone it is now proposed to deal, 
approximate with a fair degree of closeness to the means which a longer 
period would have yielded had the figures been available. 

Taking first the average daily duration for the whole year, we find that 
Falmouth is decidedly the most sunny station of the seven, having a daily 
average amount of sunshine of just over 4^ hours. This amount is half-an- 
hour more than that recorded at Valencia, the station with the next highest 
average, and three-quarters of an hour more than Eew, which holds the 
third place. Of the remaining four stat'ons, Aberdeen, the most northern, 
but at the same time a coast, station, with 8*64 hours, has more than either 
Stonyhurst or Armagh, both inland stations ; whilst Glasgow, with only 8 
hours per diem, or about a quarter of its possible amount, has the smallest 
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record of the seven, a result to some extent dae, without donbt, to the 
nearness of the Observatory to some of the large manofacturing works with 
which the city of Glasgow abounds. 

Or, if we deal with these figures, as representing percentages of the 
possible duration at the respective stations, we find that the order in which 
they succeed each other as regards their comparative sunuiness is unchanged. 
The 4^ hours at Falmouth represent 87^ per cent, of the possible amount, 
while the 8 hours per diem at Glasgow represent but 25 per cent, of the 
possible amount for that place. 

If we group the months so as to represent the four seasons of the 
year, taking December to February inclusive as winter, March to May as 
spring, June to August as summer, and September to November as autumn, 
it will be found that during the winter quarter the south-western stations 
again appear as the most sunny of the seven. Falmouth and Valencia have 
in this three months each an average daily amount of 2 hours, while Aber- 
deen, notwithstanding its high latitude, occupies the third place with a mean 
duration of rather less than If hours per diem. Armagh, however, with 
just over 1^ hours per diem, has during this quarter decidedly more sunshine 
than the remaining three stations, both Stonyhurst and Kew having about a 
qnarter-of-an-hour per diem less, whilst Glasgow has the smallest daily aver- 
age of just under one hour. 

In the spring quarter, with the increase of the sun's declination, a great • 
increase in the average daily amount is, of course, noticeable, but the rela- 
tive positions of the stations as regards the length of their daily average is 
not much changed. The two south-western stations have again the longest 
duration, but Falmouth, with nearly 5*7 hours, has begun to take the lead, 
although the duration is only one-tenth of an hour per diem more than that 
at Valencia. Kew, notwithstanding its proximity to London, which might 
have been expected to militate against its record of sunshine, now comes 
next to Valencia, although its mean daily amount is three-quarters of an 
hour less. Aberdeen, Stonyhurst and Armagh follow in the order named, 
the mean duration at Aberdeen being 4*66 hours and at Armagh 4*58 hours, 
and Glasgow is again lowest with an average duration of only 4*12 hours 
per diem. 

In the summer quarter Falmouth and Kew both show an increase in the 
mean daily duration of more than an hour and a quarter, and whilst Falmouth, 
with a mean daily duration of 7 hours, is still the most sunny place, Kew 
comes next to it with a mean of 6*1 hours. Valencia shows only the trifling 
increase of a tenth of an hour upon its average for the spring months, and 
is the third upon the list ; whilst Aberdeen and Stonyhurst are not far below 
it, with nearly 5^ hours each. The increase in the duration at Glasgow from 
the spring quarter is nearly three quarters of an hour, whilst the increase at 
Armagh is barely two-tenths of an hour, and as a consequence the former 
station shows a higher record than the latter, the 4*72 hours duration at 
Armagh being the smallest recorded at any of the seven stations. It is a 
peculiar faet of some significance, that the increase in the daily duration 
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shown by the two Irish stations from spring to summer should be so small, 
whilst it is so decided at each of the other five. 

In the aatomn three months the relative distribution of the daily duration 
reverts again to very nearly that of the spring, but the average amounts are 
in every case much smaller, owing to the shorter length of the mean day. 
Falmouth has an average of 8*64 hours sunshine per diem, which is more 
than half an hour above the duration at Valencia and Eew, the figures for 
which two stations are now almost identical. The mean duration at Aber- 
deen is 2} hours, and Stonyhurst and Armagh have both of them a tenth 
of an hour less, the difference between the autumn and summer duration 
being less at the latter station than at any other. Glasgow, with only 2*1 
hours per diem, again fiEdls into its usual position with the smallest average 
amount of any station in the series, an amount which is only a tenth of an 
hour above the average duration at Falmouth and Valencia during the 
winter quarter. 

Turning now to the daily means for the several months, we find, as might 
have been expected, that January and December are the most sunless months 
of the year. At no station is there much difference between them, but the 
smallest mean daily duration of sunshine occurs in December at every 
station except Falmouth, where January is the less sunny month of the 
two. In January the mean daily duration varies from seven-tenths of an 
hour at Glasgow to rather more than 1*8 hours at Valencia ; Stonyhnrst has 
one hour, and the daily amounts at the remaining four stations — Eew, Armagh, 
Falmouth, and Aberdeen — show a progressive increase, in the order named, 
of between one and two tenths of an hour. After January the mean daily 
duration increases quickly except at Eew, where the increase shown in 
February is only slight, and is less than that of any other place. In March, 
however, this defect is made up, and from thence to May the mean daily 
amount continues to increase each month with fair r^^ularity at all the 
stations; Valencia and Falmouth keep very close together, with daily 
amounts considerably greater than those of any other station; Aberdeen, 
Armagh, Eew, and Stonyhurst are also very similar, whilst Glasgow has 
uniformly the least amount of all. 

At Valencia, Eew, Stonyhurst, and Armagh, the maximum duration is 
reached in May, the daily mean amount varying in the [order named from 
6| hours to 6 hours. At Falmouth and at the Scotch stations the increase 
is maintained, although in a less degree, until June, when the mean duration 
at Falmouth reaches H hours, at Aberdeen 6i hours, and at Glasgow 5-6 
hours. From May to June the decrease shown at those stations which attain 
their maximum in the earlier month is not great, but from June to July the 
decrease is not only general, but at every place, except Eew, very large. At 
the Irish observatories it is about 1^ hours, at the Scotch one hour, and at 
Falmouth and Stonyhurst about three-quarters of an hour ; at Eew it is but 
a tenth of an hour, and this place is peculiar for the very gradual decrease 
shown through the three summer months — June to August. At most of the 
stations, however, this rapid decrease is not maintained. At Falmouth the 
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dorafeion in Angnst is but a tenth of an honr less than in Joly, and at 
Valencia it is actually a tenth more, whilst at Glasgow and Aberdeen the 
decrease from Jaly to August is less than half an hour ; at Armagh also the 
rate of decrease slackens, and continues to do so until September, but at 
Stonyhurst there is no check in the rate after June. 

From August to the end of the year the rate at which the mean daily 
duration decreases, although rapid, is less so than was the increase during 
the first five months of the year. At the English and Scotch stations the 
diminution is fairly uniform, and at Falmouth and Eew remarkably so, Kew 
having throughout rather more than half an hour per diem less sunshine 
than Falmouth. The Irish stations are peculiar in having a more gradual 
rate of decrease, and especially is this the case at Armagh. As a result, 
although in August the mean daily duration at Armagh is less than 4 hours, 
which is nearly half an hour less than that of Glasgow, in November it is 
still nearly 2 hours, and exceeds Glasgow by an hour. The fact that in 
July and August the mean duration at Armagh is less than that at any other 
station, not excepting Glasgow, is one of some significance. 

It will now be interesting to consider these same figures when expressed 
as percentages of the possible duration at the respective observatories, 
because their meaning then becomes to some extent modified by the season 
and latitude of the station. Judged in this way, by what may be termed 
their capabilities, we find that in January Aberdeen and Valencia, the 
most northern and most western stations, are practically alike, with 22 per 
cent, of sunshine ; Falmouth and Armagh, although two very dissimilar 
stations as regards their physical surroundings, have each about 18 per 
cent. ; Eew and Stonyhurst, both inland stations, each get about 18 per 
cent. ; whilst Glasgow, with only 9 per cent., is the least favoured station of 
the seven. 

The values for the subsequent months follow in a general way the course 
of the mean hourly amounts already referred to, but they present more 
sharply some features which were made less apparent by those figures. 

Taking first the values for Fahnouih, which are generally higher than 
those for any other place, the monthly increase in the percentages is uni- 
formly about 8 up to April, then only 8^ in May, and less than 1 in June. 
In July the percentage falls from 46 to 48, but it rises again in August to 
nearly 47, which is a trifle above that of June, and is the maximum of 
the year. Thence it decreases less rapidly than it increased in the spring to 
21 i in December. The most noticeable point here is that the slight diminu- 
tion shown in the mean hourly duration between July and August becomes 
a decided increase, when it is expressed as a percentage of the possible 
amount, and exhibits in a striking manner a summer minimum and second 
maximum. Comparing these values with those for Valencia, the station 
which most nearly resembles Falmouth in its surroundings, we notice that 
after January there is an almost perfect similarity between them up to April, 
when they begin to diverge greatly from each other. The maximum, 
48 per cent., is reached in May, and is followed by a decrease to 82 in July ; 
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in Aagnst there is a rise of 4 per cent, to a second maximom, and then 
again a fall to the close of the year ; but it is remarkable that in September 
and October the decrease is only slight, and this with the sharp decrease in 
Jnne and July are the two principal points of difference between the valoes 
for the two stations. 

The values for Eew, Stonyhorst, and Armagh, three inland stations, are 
not very dissimilar daring the first five months of the year, the principal 
differences being that Stonyhurst in February shows a greater increase in 
its percentage than the other two, and that at Eew the increase in March 
is very large ; but at each place the maximum is attained in May, after 
which the march of the phenomenon at the three stations becomes altogether 
dissimilar. . At Eew the percentage decreases from the maximum of 41 ^ 
in May to a summer minimum of 88 in June, after which it increases to a 
second maximum of 41 in August ; then follows a steady decrease to 14} in 
December. At Stonyhurst the maximum of 89 in May is succeeded by a 
steady decrease to 88 in July, and less abruptly to 81 in September, after 
which it falls quickly again to 12 in December ; but although the decrease 
of the percentage is retarded in August, there b no rise to a second maxi- 
mum, and in this respect Stonyhurst is alone. At Armagh the maximum is 
87^ per cent, in May, and this is followed by a drop similar in amount to 
that at Valencia, which brings it to 27 in July, the fall at the two Irish 
stations being greater than is shown at any other place. In August, how- 
ever, there is a further slight fall instead of a rise, and the second maximum 
does not occur until September, after which there is a decrease of about 5 
per cent, by November, which is far less than elsewhere, followed by a rapid 
decrease to 15i per cent, in December. The two Scotch stations have also 
their maximum in May — 86} at Aberdeen, and 88 at Glasgow — with a 
summer minimum in July and a second maximum in August ; then at Aber- 
deen, as at Valencia, the decrease in the percentage is slight until October, 
after which it falls away rapidly, whilst at Glasgow the decrease is more 
rapid and uniform from August to the close of the year. 

We come now to the distribution of sunshine throughout the day as 
exhibited by the mean hourly amounts, and the figures will probably be best 
dealt with if each observatory is taken separately. It is, however, necessary 
to bear in mind here that the comparative shortness of the period over 
which the observations extend is more likely to make itself felt detrimentally 
when the figures are broken up into such small divisions as hours, than when 
they are grouped to represent the daily amounts for the months and seasons, 
which have already been dealt with, and any conclusions drawn can there- 
fore only be regarded as more or less provisional in character. 

The most prominent feature brought out at all the stations is the rapid 
increase in the mean hourly amount of sunshine recorded during the first 
few hours following sunrise, and the even more rapid falling off again just 
before sunset. Speaking broadly, this rapid increase in every month of the 
year seems to cover about two to three hours, and the decrease rather less, 
the changes in the hourly amounts during the remainder of the day being of 
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maoh smaller amplitude. Bearing in mind that the record is one of son 
heat, it woold seem that the infreqaency of sunshine at these relatively early 
and late hours is not so much owing to greater cloudiness as to the fact 
that insolation is cut off by the greater extent of the lower atmosphere 
through which the solar rays have to pass, and which just after sunrise 
and before sunset is more charged with condensed vapour than is the case 
during the intervening hours of the day. 

Taking first the most northern station, Aberdeen, the values for the different 
months show a great similarity in the daily march of the phenomenon (Plate 
7). The most sunny hour is always at, or very close to, noon, and after the 
early hours there is no indication of any part of the day being especially 
flEivonred as regards sunshine. In the winter the increase in the mean amount 
goes on steadily to the maximum, and at once falls off again as regularly ; but 
in the spring and summer months the maximum amount is maintained over a 
longer period, and there is but little difference between the mean amounts 
for some hours before and after the time of actual maximum. April and 
June are exceptions to this rule, to the extent that the later hours of the 
day are decidedly more sunny than the corresponding hours in the morning ; 
but this is not the case in any marked degree in any other month. Taking 
the means for the whole year, the maximum frequency occurs at noon, and 
the hours following noon have a slight advantage over those preceding it. 
The Average amount of sunshine per hour in the sunniest part of the day 
varies from about three-tenths of an hour in winter to very nearly half an 
hour in May ; in June and August it also approaches 50 per cent., but in 
March, April, July and September it is only about four-tenths of an hour. 
For the whole year the average amount of sunshine in the 60 minutes, 
from 11.80 a.m. to 0.80 p.m., is 0*89 hour. 

The next station in order of latitude is Glasgow, the results for which 
place are very different from those yielded by Aberdeen (Plate 8). In the winter 
months the hourly increase is more gradual, and the maximum, though not 
BO large as at Aberdeen, is reached less abruptly. The afternoon hours are 
also, as a rule, decidedly more sunny than those of the morning, and except 
in the winter the sunniest period is generally about 2 p.m. March and 
April, however, offer marked exceptions to this rule, as the maximum 
hourly amount occurs then at 11 a.m. and noon respectively, after which 
time the sunshine decreases steadily till 8 or 4 p.m., and then more rapidly 
to sunset. The values for the months May to September show a marked 
contrast in the very gradual increase hour by hour up to the maximum, and 
the rapid decrease after the maximum had been passed. Taking the mean 
hourly amounts for the year, the greater frequency of sunshine in the after- 
noon is well shown. The mean amount of sunshine per hour in the most 
Bunny part of the day is less than two-tenths of an hour in November 
December and January ; in February, March and October it amounts to 
about three- tenths of an hour; in July, August and September to rather 
under four-tenths of an hour; and in April, May and June to between 
four and a half and five-tenths of an hour; for the whole year it slightly 
exceeds three-tenths of an hour. 
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At Armagh the hourly variation is in some respects peculiar daring 
several months of the year (Plate 9). In January, Fehmary, and March the 
hourly duration increases rather quickly to a maximum just before noon, 
after which it falls off again more gradually than it rose. March has a less 
rapid increase, and exhibits a decided minimum at 2 p.m., rising again at 
8 p.m., and then decreasing till sunset. In April, May, and June the 
hourly increase is rapid and is not followed by any very decided maximum, 
the amount of sunshine experienced showing but very slight variation till 
within a few hours of sunset, when the decrease is as rapid as was the 
morning increase. In July the maximum occurs as early as 9 a.m., after 
which it falls away to noon, which is a less sunny hour than 7 a.m. From 
noon to 5 p.m. the average amount of sunshine does not vary much, and it 
then decreases quickly to the hour of sunset. In August both the increase 
and decrease are more gradual, and the maximum does not occur till 1 p.m., 
and the remaining months of the year exhibit an hourly variation not very 
dissimilar to that of the corresponding months at the beginning of the year, 
the only prominent feature being a secondary minimum in October at 1 p.m. 
The maximum amount per hour varies from about a quarter of an hour in 
January and December to rather less than half an hour in May, and it is 
only in April, May, and June that it ever exceeds four-tenths of an hour. 
In July, for the ^eater part of the day the amount per hour is only equal 
to that found in February and November. Dealing with the whole year, the 
sunniest part of the day occurs just before noon, and the average amount of 
sunshine is three-and-a-half- tenths of an hour. 

Stonyhursi is the station next in order of latitude, and it is also, like 
Armagh, an inland station ( Hate 10). In the first two and last four months of 
the year the diRtribution of sunshine throughout the day follows a fairly even 
course, the maximum occurring in each case at about noon, and being pre- 
ceded and followed by a pretty uniform increase and decrease in the hourly 
amounts. In March and April, however, the most sunny hour is 11 a.m., 
the hourly amount increasing quickly up to that hour and then fiedling off 
steadily till the evening. In May and June 1 p.m. is the sunniest hour, 
with 4 per cent, more of the possible amount of sun than noon, the falling 
off in the latter month being very gradual until after 4 p.m., while the 
increase in the morning hours is less rapid than in May. In July and 
August this retardation of the morning increase is still more marked than in 
June, and the maximum does not occur until 2 p.m., after which, in July, 
it is maintained till 4 p.m. before it begins to fall quickly, whilst in August 
the falling o£f begins at once, and 8 p.m. has 5 per cent, less sun than 
2 p.m. The maximum hourly duration varies from two-tenths of an hour 
in January and December to five and a half-tenths of an hour in May. Feb- 
ruary has a tenth of an hour more sun at noon than has January and Uie 
March maximum shows a similar increase upon February. From April to 
September, with the exception of May, the maximum hourly amount is from 
four and a half to five- tenths of an hour ; October is a tenth of an hour 
below September, and November, with two and a half-tenths, is a tenth less 
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than October. For the year the mazimam hourly duration is less than four- 
ienths of an hour, and occurs at noon and 1 p.m. 

Valencia^ the next station south, is one of the most sunny of the seven 
(Plate 11). In the winter months of November, December, and January the 
maximum hourly duration occurs at 11 a.m., and a rapid increase throughout 
the morning hours is followed by a much more gradual falling off during the 
afternoon ; in February, however, this latter feature is less pronounced, and 
a more uniform increase and decrease is exhibited throughout the day. In 
March it again becomes very marked, and the maximum at 11 a.m. is fol- 
lowed by a very steady but marked diminution till 4 p.m., and then by a 
rapid fall to sunset. It is worthy of note that in a less degree this is a 
feature of the diurnal variation in March at all the stations, with perhaps the 
exception of Aberdeen and Falmouth. In April little difference is shown in 
the hourly amounts from 9 a.m. to 1 p.m. ; but in May and June the hourly 
duration goes on increasing till 1 p.m. before the maximum is reached, the 
hours following noon being much more favoured as regards sunshine than 
the corresponding hours before noon. In July the chief feature is the very 
gradual increase in sunniness from 6 a.m. to noon ; but the three following 
months exhibit upon the whole a fairly uniform increase and decrease, with 
but little change during the middle hours of the day. The winter months 
show high maximum hourly durations : — In December it is nearly three- 
tenths of an hour, and in November, January and February from three- and- 
a-quarter to three-and-a-half-tenths. March has half an hour, and the three 
following months about half-a-tenth more, but July, August and September 
reach only about four-and-a 'half- tenths as the maximum, and October rather 
less. For the whole year the maximum hourly duration is about four-and- 
a- quarter- tenths of the total possible, and the diurnal variation follows a 
fiEurly uniform course from sunrise to sunset, the maximum occurring at 
noon. 

K€w is only about hall a degree south of Valencia, but being an inland 
station it exhibits some strong contrasts to the latter (Plate 12). The chief 
of these are the relatively small amount of insolation in winter, and the more 
oniform diurnal distribution exhibited in most months of the year. In January, 
February, November, and December the maximum occurs at noon or 1 p.m., 
but in January, and still more in February, the steady hourly increase is 
somewhat checked in the morning at about 11am. In March the maximum 
amounts to about 15 per cent, more than in February, and occurs at 11 a.m., 
and is followed by a slow but decided falling off till 8 p.m., after which hour 
the decrease becomes rapid till sunset. In April, 10 a.m., with 47 per cent. 
of the possible amount, is the sunniest hour, the average duration in the 
succeeding hours being fairly uniform, but decidedly less than at 10 a.m. 
May exhibits a very uniform variation in the diurnal distribution, with the 
exception of a slight check at 9 and 10 a.m., the maximum at 11 a.m. being 
followed by a slight but steady falling off till 4 p.m. In June, however, the 
maximum does not occur till 1 p.m., and the diurnal variation is again fairly 
steady. July exhibits a remarkable falling off in the mean amount recorded 
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daring the afternoon hours, more especially after 1 p.m., and the hoar of 8 
p.m. is less sonny than it is in either of the two preceding or succeeding 
months. In August and September there is a fairly uniform increase and 
decrease shown, but in October the increase in the daily amount goes on steadily 
to the maximum at 1p.m., after which the average amounts fall away very 
abruptly to sunset. From May to September inclusive the maximum hourly 
amount is about one-half of the possible amount. For the whole year the 
increase and decrease in the mean hourly duration is very uniform and 
steady, rising to 40 per cent, of the possible amount at noon and 1 p.m., 
and showing slightly higher percentages in the aitemoon than in the 
corresponding morning hours. 

Falmouth is both the most southerly and the most sunny of the seven 
stations, and in some respects its diurnal distribution of sunshine is different 
from that of any of the others (Plate 18)*; with hardly an exception its maxi- 
mum hourly amounts are larger, and as compared with Valencia, the station 
to which it most nearly corresponds as regards its geographical situation and 
physical surroundings, it exhibits a more uniform diurnal variation, the m a xima 
being in most months of the year deferred till much later in the day, while 
there is an entire absence of the marked decrease of sunshine in the after- 
noon hours which is so striking a feature of Valencia in some months. Hie 
least sunny month is January, when the maximum hourly amount is but a 
quarter of an hour at noon, the amounts recorded for 10 a.m. to 2 p.m. 
being but slightly less. In February the maximum hourly amount increases 
to nearly four-tenths of an hour at 11 a.m., and again there is but little 
falling off till 2 p.m. In March there is a marked slackening of the hourly 
increase at 9 a.m. and 10 a.m., but this is followed by a quick rise to the 
maximum at noon ; it is noteworthy, however, that the maximum, which is 
less than half-an-hour, is considerably below that of Valencia for the same 
month, and also that there is no indication of the rapid falling off in the 
hourly amounts during the hours immediately succeeding which is shown 
by the Valencia means. In April the maximum increases to nearly 
five-and-a-half-tenths of an hour, and the p.m. hours are shown to be 
decidedly more sunny than the a.m. In May the hourly amounts increase 
steadily till 2 p.m., and do not begin to fall off much until after 4 p.m., the 
maximum being nearly six-tenths of an hour. In June the march of the 
mean hourly amounts is very similar to that shown in May, but the maximum 
occurs still later in the day, at 4 p.m., and slightly exceeds six-tenths of an 
hour. July is a decidedly less sunny month than either May or June, and 
a marked check in the increase of insolation is shown during the middle 
hours of the day; the maximum, which occurs at 8 p.m., amounts to only 
five-and-a-half-tenths of an hour. August is again a very sunny month, 
the maximum, which occurs at 2 p.m., equalling that of June, but it is 
oUowed by a more rapid falling off in the amounts during the two or three 
hours immediately succeeding. September brings a large decrease in the 
amount of sunshine; the maximum occurs at 1 p.m. and only slightly 
exceeds half-an-hour| there is, however, not much variation in the amounts 
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recorded from 9 a.m. to 4 p.m. In October the maximum occurs as early 
as 10 a.m., after which the hourly amounts fall away slightly till 2 p.m., 
and then more rapidly to sunset. November and December both exhibit a 
very uniform increase and decrease in the mean hourly amounts, and in 
both oases the maximum is reached at noon. Taking the means for the 
year, the hourly march of insolation is very uniform; the maximum is 
reached at 11 a.m., and is maintained till 2 p.m., the afternoon hours 
having rather more sun than the corresponding hours of the morning. The 
maximum amounts to four-and-a-half- tenths of an hour. 



DISCUSSION. 

Mr. C. Harding said that this paper dealt most completely with sunshine 
statistics, the data being discussed in regard to the monthly, seasonal and hourly 
variation, and the results possessing additional interest as the first of the kind 
ever published. Concerning the rise in the p.m. portion of the mean daily curve 
of sunshine at Glasgow as compared with the portion before noon, he thought 
that possibly the drift of the smoke from the various factories which abounded 
in that city was to some extent the cause of the difference between the morning 
and afternoon sunshine. It was comforting to note that Kew, in spite of its 
proximity to our smoky metropolis, came out with such good results. 

Mr. H. S. Wallis said that it would be interesting to see how far the discus- 
sion of sunshine observations at additional stations would modify or confirm the 
results shown in this paper. The increase in the amount of sunshine during the 
afternoon hours at Glasgow appeared, as Mr. Harding had suggested, to be due 
to the situation of the Observatory in relation to the manufactories, the Obser- 
vatory being to the west, and the manufacturing district in the east of the 
city ; so that during the momine hours the smoke cloud would be between the 
sun and the recorder, while in the afternoon the sun would be shining from the 
westward, and no smoke would intervene. These artificial conditions, and also 
the case at Armagh, where the shadow of the anemometer shaft causea an inter- 
ruption in the record, suggested that too great a hurry should not be evinced in 
accepting the anomalies in the results given in this paper as representing physical 
facts. 

Mr. F. C. Bayard inquired whether any explanation could be offered which 
would account for the general flatness of the diurnal curves at all the stations 
between 10 a.m. and 8 p.m. He suggested that a description of both the 
Campbell-Stokes pattern of sunshine recorder and what was known as the 
'* universal" recoider ahoold be added to the paper. A difficulty often ex- 
pei i witc d with the " universal ** pattern was that the ball was liable to slightly 
shift from a ri^id position through the clamps with which it was held becoming 
loosened, the instrument thus being put out of focus. He had heard, too, that 
during heavy eales the ball of the Stokes* pattern had been blown off its pedes- 
tal at places where the recorder was in an exposed position. 

Mr. W. H. Dines thought that Mr. Curtis had partly explained why the curve 
was almost flat in the middle of the day, when ne statea that the instrument 
recorded sun heat rather than sun light. During the middle of the day, when 
the sun was high, no doubt a trace was made whenever the sun was shining ; but 
in the two or three hours after sunrise and preceding sunset there was but little 
heat to spare ; and an accidental occurrence, such as the paper being wet, or a 
strong wind tending to keep the paper cool, would stop the registration. He 
thouffht that in the summer the early morning and late evening were more 
cloudless than the middle of the day, and it would be verv interesting if 
anyone present could enlighten them as to the behaviour of the photographic 
recorder in that respect. He had lately been trying a new form of sunshine 
recorder, which registered electrically on a clock drum. He found that if he 
adjusted this instrument so that it recorded the early morning and late evening 
sunshine, it also recorded in the summer during the day, when the sun was only 
Just visible through clouds ; but if it were acyusted so that it would record buq« 
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shine at midday only when the snn was shining clearly, then it failed to record 
within an hoar or half-hour of sunrise or sunset 

Mr. W. B. Tripp said that of the two forms of sunshine recorders at present 
in use, one gave indications of the heat rays, and the other of the chemical ravs 
of sunshine ; a third instrument to record the rays of light appeared to be de- 
sirable. 

Mr. G. J . Symons said that he knew very little concerning sunshine recorders ; 
but. so far as he was aware, no attempt had yet been made to record the light or 
yellow rajs of the solar spectrum, the red rays being of course register^ b? 
the burning recorders and the violet rays by the photographic recorders. He 
thouffht it was a matter for congratulation that the first elaborate discussion ot 
sunshine observations should have been read before the Society, and it was 
something to be proud of to know that England possessed the most splendid 
organisation of sunshine observations to be found anywhere. It was of course 
perfectly clear that when the observations extended over 20 years instead of 10, 
many of the irregularities at present noticeable in the curves would disappear. 
As regards the increase in the afternoon sunshine at Glasgow, he was disposed 
to agree with the explanation suggested by Mr. Harding and Mr. Wallis ; but 
the curve for Falmouth exhibited a very similar excess, which certainly could 
not be so easily explained away, as there was no accumulation of smoke at the 
Cornish town as there was in the {Scottish city. The flatness of the curve during 
the middle of the day, to which attention bad been drawn, was doubtless due, 
as Mr. Dines had pointed out, to the greater power of burning which the sun's 
rays possessed during the midday hours. He had always thought that the 
recoras of those now old fashioned instruments, solar radiation thermometers, 
were really dependent upon the sun*s altitude, and the sunshine records appeared 
to be in a somewhat similar position. He had been wondering whether it would 
be possible to reduce all the sunshine observations to a hypothetical son altitude. 

The Hon. F. A. R. Russell ventured to add the suggestion that this inquiry 
might with advantage be extended so as to include the relation of sunshine to 
the different winds in each locality. The results of such an investigation might 
be to afford, especially for certain hours of the day, some idea of the absorption 
of the sun*s heat by the atmosphere under various conditions of wind. 

Mr. T. W. Backhouse remarked that the results of the paper seemed to 
show the effect of mist and haze on the registration of sunshine. He inquired 
whether the amount of cloud exhibited corresponding diurnal vsriations to those 
shown in the curves of sunshine. 

Mr. F. Gaster said that many of the irregularities exhibited in the sunshine 
curves were without doubt due to lack of sufficient data upon which to base an 
average, the curve for the year being calculated from a considerable number of 
observations presenting a much smoother appearance than those for the indi- 
vidual months. Some interesting facts had been brought out as a result of inves- 
tigation into sunshine records m the British Islands, and it was now known 
that coast stations, especially in the south, were sunnier than inland stations, and 
that the winter sunshine along the south coast was in excess of that recorded in 
other districts. The exposure of a station was an important factor in the com- 
parison of sunshine observations, as it would be obviously unfair to compare 
the records from an instrument situated in a valley with those from one on a 
hill. In connection with the effect of smoke upon the recording of sunshine, it 
is not sufficient to consider whether an Observatory lies near a city, but the 
direction of the prevailing wind must also be taken into account. Kew and 
Greenwich, which are respectively situated west and east of London, are good 
examples of the effect of the wind upon the drift of the smoke, a Westerly wind 
carrying the smoke towards Greenwich, and so lessening the amount of sunshine 
recorded, while an Easterly wind exercises the same effect upon the Kew sun- 
shine records. The flattening of the diurnal curve of sunshine in the middle of 
the day appeared to be due to the greater amount of cloud which it was well 
known prevailed during those hours. 

Mr. W, Marriott said that Mr. Ellis and the late Mr. Whipple had each 
communicated papers to the Society on the diurnal variation of sunshine at 
Greenwich and Kew respectively, but Mr. Ciirtis's paper was tiie first attempt to 
similarly discuss the sunshine records at several sUtions distributed over the 
British Isles. It would be interesting if the investigation could be carried still 
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further, and some person with a large staff and plenty of funds at his disposal, 
or such individual observers who might feel so disposed, would discuss the hourly 
sunshine records in relation to direction and force of wind, temperature, pres- 
sure, and humidity, particularly the last named, as atmospheric moisture appeared 
to exert considerable influence upon sunshine records. When inspecting the 
Society's stations, he had frequently found the sunshine recorders to be imper- 
fectly adjusted, the " universid " pattern being particularly liable to derangement 
owing to the glass sphere slipping out of position, the screw clamps which hold 
it in its place being liable to become loose. A ready method of testing the 
position of the glass ball was to ^ass a sovereign between it and the metal frame 
m which the card was placed ; if the coin went round quite evenly the ball 
would be in the centre of the frame and in good focus. It would be mteresting 
to have a comparison of sunshine records upon a hill and in a dale. Great 
difficulty was often experienced in securing a perfectly free horizon for a sun- 
shine recorder, and the height of the instrument above the ground varied con- 
siderably at different stations. Some recorders were placed on the top of towers 
or lofty buildings, while others were exposed only a few feet above the ground, 
where the records were liable to be influenced by morning and evening mists. 
The physical features of a district required to be taken into account when com- 
paring sunshine records. For instance, Ventnor, owing to its sheltered situation 
under the undercliff, which rose to a considerable height to the north-west, had 
the evening sunshine considerably diminished, and it would not, therefore, be 
comparable with, say, the records for Eastbourne, where the instrument had an 
uninterrupted horizon. Valuable and interesting results would doubtless be 
obtained if observations with recorders placed at various elevations above the 
ground in an open situation were carried out with the object of determining 
what effect, if any. elevation above the earth's surface had upon the registration 
of sunshine. 

Mr. G. J. Symons, referring to Mr. Backhouse's inquiry, said that Mr. Glaisher 
had fully discussed the question of the diurnal variation in the amount of cloud, 
and the results of his investigation were to be found in the Diurnal Range 
Tablesy which Mr. Glaisher published many years ago. 

The President (Mr. R. Inwards) said that with regard to the general ques- 
tion of sunshine recording, he would like to know whether any Fellow of the 
Society had attempted to make direct observations of the effect of sunshine on 
the growth of plants. He remembered that at the Society's Exhibition of 
Instruments in March 1891 an ingenious apparatus for weighing growing 
plants was shown, the arraagement being, he believed, but a carrying out in 
detail of the suggestions of the Dutch author, J. Ingen Housz, who wrote in 
1729. He (Mr. Inwards) would also like to know whether any observations had 
been made as to the effect of wind on the sunshine recorder itself, as it was easy 
to see that there must be great differences of exposure to wind at the various 
stations. 

Mr. R. H. Curtis, in reply, said it would be of great interest to study the 
diurnal variation of sunshine in connection with the diurnal variation of tempe- 
rature, wind-force, rainfall, and barometrical pressure, to each of which he 
thought it would show some degree of correlation. In connection with such a 
study it was most important to bear in mind the physical features of the district 
represented by the record, because there could be no doubt but that these exer- 
cised a very direct influence upon the amount of sunshine experienced, as they 
did also upon the march of the other phenomena which he had named. The 
necessity for a perfect exposure was emphasised by the peculiarity in the 
Armagh record, to which he had referred. There were districts in which it was 
impossible to obtain a perfect horizon for the recorder owing to hills, but such 
hills formed a natural feature which affected the sunshine "capability" (to 
repeat the term he had used in the paper) of that particular district, and as such 
it had to be taken into account. It was not, however, to such obstructions that 
he now referred, but to others of a local and artificial character, such as trees 
and buildings, and which affected only the actual place of the recorder, and not 
in any wav the district it professed to represent. The shadow cast on the card 
at Armagh was but for a lew minutes each day, and only during a few weeks in 
spring, and acain in autumn* It was by no means easy to detect it by inspection 
of the records, and it would scarcely make itself felt in the mean daily amount 
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for the months affected ; but it became very conspicaooB In dealing with thti 
hourly amounts, and under some circumstances might easily prove very mis- 
leading. Some speakers had apparently thought that the flattening of the 
curves ni the middle of the day indicated an increased cloudiness then, but that 
was not necessarily so ; it showed an eaual distribution of sunshine over the 
middle hours of the day, but that mignt conceivably represent less cloud in 
the morning and afternoon rather than mart eknd at midday. He did not 
consider that the smoke of Glasgow would wholly account for the greater 
sunnyness of the afternoon as compared with the morning hours, althou^ 
doubtless it did so to a great extent. The prevailing winds would dIow from 
the observatory towards the ci^. and the diurnal increase of wind-force, 
which corresponded verv fairly with that of sunshine, would tend to clear the 
smoke away from the observatory, and to that extent might be held to account 
for the phenomenon ; but a similar phenomenon was shown at Falmouth also, 
where smoke could not be possibly made to explain it, and therefore he was lea 
to believe that smoke was not the only cause involved in it. WiUi reference 
to Mr. Symons* remarks as to a " hypothetical altitude '* as a standard of inten- 
sity, he might mention that occasionally in winter the bum made apon the card 
was equally as broad as in summer ; wind-force he did not think influenced the 
bum at all. On the whole, he was of opinion that the Stokes' form of instru- 
ment was the best, especially if improved in one or two details, as could easily 
be done ; to the ** universal ** form he had some objections, and he had several 
times found these instruments out of proper focus. 
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When reading the Hon. Bollo Bassell*8 comparatively Teoonft wtak Oa 
Hail, it occurred to me that the author, in the absence of either positive or 
negative information, had fallen into an error in his treatment of one branch 
of the subject, namely, that of the occurrence of hailstorms out on the 
ocean. Having had much to do with maritime weather records, I felt sore 
that a general examination of some of them would reveal facts at variance 
with the conclusions arrived at in the book referred to. 

The references to falls of hail are confined almost wholly to those observed 
on land, the numerous authorities quoted evidently contenting themselves 
with land records, and Mr. Bussell has thus been unwittingly led to suppose 
that bail is essentially a land phenomenon. 

On pages 57 and 58 there is an extract from the Philosophical Magaxins 
giving a brief account of ** a shower of ice in irregular pieces " which lasted 
three minutes, at a distance of about 800 miles south of the Cape of Oood 
Hope. Page 94 contains a reference to showers of hail << in the Atlantic " 
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in December 1869, bat no information is given as to whether the falls were 
north or south of the Equator, in mid-ocean or dose inshore. 

These constitute the sum total of the instances of ice or hail on the water, 
and when we remember that the extracts cover a period of more than two 
centuries, it is not surprising that Mr. Russell should have decided, in Chap- 
ter VI., " Summary of Characteristics of Hailstorms and Hailstones," page 
154, that "in mid ocean it [hail] is uncommon; ** and again in Chap- 
ter Vn., ** Conclusions," we have the upshot of the discussion of a multi- 
tude of theories and conjectures resolving itself into a law which declares 
(page 202) that << the equability of the ocean temperature, and the usual 
absence of comparatively very cold masses of air at a high level, will rarely 
allow the development of great hailstorms over the open sea.'* It really 
looks from these extracts as if we ought to regard the only two falls men- 
tioned as being merely accidental circumstances which should not have 
occurred in a properly constituted oceanic atmosphere. The book contains 
nothing to show that mariners have supplied evidence proving that bail is a 
stranger to them, neither are there any data to support the notion as lo 
« the usual absence of comparatively very cold masses of air at a high 
level *' over the ocean. 

I am not going to propose any theory regarding hail at sea ; my object in 
contributing this paper to the Society is simply to place on record a few 
facts gleaned from original and authentic sources which will satisfy Mr. 
Russell that his theories cannot be justified. 

As is well known, mariners have for more than 40 years been registering 
systematic weather observations for the Meteorological Office, and several 
thousands of the logs are stored in Victoria Street. The information on 
which this paper is based has been obtained from a few of these manuscript 
volumes, the Meteorological Council readily granting me permission to in- ^ 
spect the logs for the purpose. 

To discuss the entire collection would manifestly be beyond my powers, 
and for the immediate object in view such an elaborate inquiry is quite un- 
necessary. For testing the frequency, what I have done is this. The logs 
of 18 vessels visiting the southern oceans were taken in the order in which 
they came to hand, and without any attempt at selection for the sake of the 
quantity of observations they may contain. The volumes related to the 
years 1871, 1876, 1876, 1877, 1878, 1880, and 1881. Going through the 
column headed ** Weather," the entries of the letter ** h " were noted. Of 
the 18 vessels one proved to be a steamer running between Lisbon and Rio 
de Janeiro, no hail being registered. Three of the observers made use of 
" h " to represent both '< hail " and '* haze," and were consequently dis- 
qualified. One of these gave as many as 55 entries of ** h," 80 of which 
were undoubtedly hail, because they were confirmed by definite statements 
in the space for remarks, but the remaining 25 were too doubtful for use. 
I had consequently the logs of 14 ships to deal with. A dozen of them 
sailed down the South Atlantic for Asiatic, Australian, or New Zealand ports, 
the other two going round Cape Horn. All of them experienced hail, the 12 
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which went into east longitade recording, between the meridian of Green- 
wich and the 180th meridian, and at the ordinary four-hourly periods, 177 
entries of *' h," or an average of 15 each, one ship having 29, another 80, 
and a third 82. In the more open part of the Indian Ocean, between 80^ £. 
and 120° E., with only two or three infinitely small specks of islands in the 
whole space, 118, or 67 per cent., of the hail observations were noted. As 
ships do not usually go very far south in crossing the Indian Ocean, nearly the 
whole of the hail recorded was on the equatorial side of the 47th parallel, 
and about a sixth of the total number of observations on the northern side 
of 40° 8. 

Five of the ships in the South Pacific, between 180^ and 70° W., recorded 
hail 88 times, most of them on the polar side of 50° S., but a few to the 
northward of 40° S. 

The logs also contain observations of hail in the North and South Atlan- 
tic, and the North Pacific, the 14 observers recording on their out and home 
passages a total of 114 days with hail. K we accept the theory which tells 
us not to expect hail at sea, an average of eight days per ship per voyage is 
very high indeed. But I have glanced through scores of other logs, and I 
believe I am justified in saying that the results deduced from these chance 
14 registers give a very fair general average, hardly any of the ships escap- 
ing hail at some stage or other of a voyage in the open southern oceans, 
some registering it very much more frequently than any of those included in 
the foregoing summary. Thus, one observer on the way to New Zealand 
and home entered <' h " 66 times— outward, 5 in the North Atlantic and 16 
in the Indian Ocean ; homeward, 81 in the South Pacific, 9 in the South 
Atlantic, and 5 in the North Atlantic. Another had 21 entries between 
4° £. and 49° £., in 87° S. to 89° S. ; while an observer giving weather 
entries regularly every two hours recorded hail 85 times while running from 
10° to 189° £., in 44° to 48° S. ; another as many as 96 times within 16 
days between 51° E. and 165° E., in 48° S. to 49° S. Of this very large 
number, 12 were underlined once, 12 twice, and one thrice, the underscoring 
denoting intensity. Further, 45 of the entries were within five days, 10 
being heavy, and 12 very heavy. On the homeward run across the South 
Pacific the same observer gave 20 entries of hail in five successive days, so 
that we have a single observer with 116 records while running about two- 
thirds the distance round the southern hemisphere. 

It must be borne in mind that these records are merely from chance 
visitors to any particular locality, and this fact must be taken into account 
in any attempt at comparison between sea and land data. The great, the re- 
markable, frequency of hail in the Indian Ocean is, however, fully confirmed 
by the log of H.M.S. Krehas for the period of the stay in Christmas Har- 
bour, Kergaolen, from May 12th to July 20th, 1840. Out of the 70 days 
hail fell on 24 ; in May 10, in June 11, and in July 8, there beiog in all 
64 entries of bail, the weather records being hourly as a rule. Is there any 
fixed station in Europe which can, for its worst hailstorm year, equal this 
mid-ocean return ? 
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In the foregoing I think I have brought forward quite enough evidence to 
negative the assertion that hail at sea " is uncommon." 

Nor is the undoubted frequency of hail the only feature worthy of atten- 
tion, for, contrary to another portion of Mr. Russell's theory, great hail- 
storms are often met with on the open ocean. My difficulty has not been to 
discover accounts of severe storms, but to select a few typical examples of 
what we may regard as not uncommon occurrences. Figures have already 
been given showing the proportion of moderate, heavy, very heavy, and ex- 
cessively heavy hail experienced in the South Indian Ocean during a run from 
IK est to east. Taking another register in the same neighbourhood, and for 
another year, I find that out of 14 days, between 59^ E. and 186^ E., in 
44^ S. to 47^ S., hail fell on 10 days. On one day there was a considerable 
fall of hail and snow ; later the observer remarked : '' Several times during 
the night the decks were covered an inch deep with hail and snow ; " next 
day hail fell most of the time, snow or hail falling for three hours almost 
without cessation. A few days after great quantities of hail fell in frequent 
heavy squalls. 

A Fellow of this Society, Capt. A. W. Jeffery, of the s.s. Ptolemy^ experienced 
a severe hailfttorm on March 14th, 1883, in 41'' N., 43"^ W., fairly in mid-Atlantic. 
'* 11.45 p.m. squall force 9 lasted 40 minutes, and wind flew to the North-west. 
Daring this squall the lightning was very vivid, and the hailstones of an 
immense size, so much so that the helmsman could not hold the wheel, and the 
ship's head was turned to the southward for 30 minutes till the hail ceased/' 

Capt. Peebles, of the four-roasted barque Tweedsdale, on August 17th, 1883, 
in 39° S., 21° E., reported : — " 9.30 p.m. a thunderstorm burst over us, incessant 
lightning seemed darting through the gear, peal after peal of thunder shaking 
the whole ship. For about 15 minutes had a tremendous fall of hailstones as 
large as pigeons* eggs." 

On the barque Margaret Wilkiey Captain Gibbs reported a hailstorm on October 
2Gth, 1875, in about 37^° S., 22° E. /it first the stones were from the size of a 
pea to that of a horsebean , but afterwards they became larger and thicker. 

Capt. Gray, on the barque Shun Lee, August 25th, 1881, in 34° S., 28° W., 
notea : — '*7.80 p.m. sky commenced to cover with a dense nim. cloud from South- 
west, and which by 8 p.m. hung like a dense pall, making an intense darkness. 
As soon as well overhead, hail as big as large peas came down in a perfect 
avalanche, covering the poop about 2 inches in a few minutes. As it passed it 
changed to rain." When commanding the barque Speranza, Capt. Gray had a 
fall of large hailstones in Februarv 1873, in 57° S., 76° W., and on May 22nd, 
1873, in 44° S., 77° W., ** had some hard hail and sleet squalls, some of the hail- 
stones as big as a nut. Had venr heavy hail and sleet squalls at short intervals, 
but at 8 p.m. had a most terrific one. Kept away with reefed topsails on the 
cap, and then it seemed as if it would bury the ship. Had a similar one, not so 
heavy, at 6 p.m.*' Again in the following November he had a heavy fall of 
lumps of jagged-edged pieces of ice, some of them an inch lone, in 42° 8., 60° W. 

In six days in April, while sailing along the 50th parallel of south latitude 
between 178° E. and 158° W., Capt. J. P. Holdich, R.N.R., of the ship British 
Envoy, gave 24 entries of " li." At 7 p.m. on April 22nd, in 159° W., he had a 
tremendous fall of hail, the poop deck being covered to a depth of 3 inches in 
20 minutes. 

On the homeward passage from San Francisco, in May 1882, Capt. Hughes of 
the ship Laomene, gave 13 entries of hail in 15 weather observations, from 8pm 
10th to 4 a.m. 13th, between 82° W. and 67° W. in 56° 8., remarking that heavy 
hail fell about ever^ three-quarters of an hour, and lasting 10 or 15 minutes, the 
falls covering a period of 41 hours, from noon 10th to 5 a.m. 13th. Again from 
9 p.m. 23rd to 8 a.m. 26th, in 47° S., 46° W., to 44° S., 41° W., he had nine 
entries of heavy hail which fell in squalls every half or three-quarters of an hour. 
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Another yesfel roandinff Cape Horn in Aagut 1S72 spent 15 dayi between 
6&* 8., er W., and 49° 8., 80° W., with 25 entriee of hail, the obeerver remarking, 
" One thins I consider worthy of note, that we have had no really heavy rain, 
bnt certainly a ffreat qoantity of hail and thick weather.*^ 

In January I860 Capt. Sweet, of the ship Pixarro^ had hailstones as large ss 
small nuU in a heavy fall in 43° N., 14° W. ; and in Jane 1868 Captain Banner, 
of the barque Ztody of the Lake^ had vety large hailstones in a thunderstorm in 
40° 8 89° rf 

Cnjk, Atkinson, of the PriorhiU, in April 1888, had 13 entries of haU in 43° 8^ 
100° E. to 110° K, remarking that the hailstones were the size of small marbles. 

On May 14th, 1873, in 36^ N., 71° W., Capt McRitchie, of the ship Asmyt, 
had "one of the most awfully grand thunderstornu,*' with heavy squalls of rain 
and hail, some of the hailstones being as large as walnuts. In the previoos 
October, in 38° 8., 2° £., he hsd had hailstones as large as marbles. 

Capt. James Gales, of the Florence NiaklmgaU, in March 1857, in 66° S., 66° W., 
had two kinds of hail falling, one small and round, the other large and angular, 
and striking with great force. Near the same position, 57° 8., 64° W., his 
brother, Capt. Isaac Chapman Gales, in October 1868, haid "shaip showers of 
large snowballs, not hail proper.** 

On November 15th, 1863, Capt Kerr, of the Jane Bendereon, in 35° S., 26° E., 
remarked, " At 6.30 p.m. an immense waterspout formed suddenly in the west, 
about two miles distant, and bore rapidly down upon the ship. She was steered 
to the south in the hope of clearing it, but it approached wi^in three ships* 
lengths and discharged pieces of ice upon our decks, about 2 inches square (not 
in balls, but flat). This was immediately followed by a terrible flash of light- 
ning and sharp rattling thunder, a deluge of rain, and a furious squall." 

Not far from the same spot, 35° 8., 24° E., Capt Wight, of the DunalUiair, on 
July 5th, 1876, had the lower part of a waterspout cross his bows, his weather 
column showing very heavy squalls, with thunder, lightning, hail, and rain, 
from 8 a.m. to 8 p.m., noting in the remarks that "the hail was like a ball of 
clear ice.** 

In May, 1891, Capt. Randall, of the Laomene, in 39° 8., 29° E., had a terrific 
thunderstorm from north-east, with showers of hail and ice. 

A tremendous thunderstorm broke over the ship Martalxmy Capt Gun, on 
August IGth, 1872, in 45° 8., 121° E. ''The hail and snow seemed to come in 
lumps, striking the face like snow balls.** 

Capt. Wilson, of the barque JTbrsa, experienced a violent squall, with light- 
ning, on November 11th, 1884, in 41° 8., 49°£. "It brought a perfect torrent oi 
pieces of ice like splinters ^in. in length.** 

The Society*s Quarterly Journal^ Vol. XX. page 172, contains an extract from 
the Meteorological Oflice log of thes.s. Afiglian relating to a heavy ha ilsnd 
thunderstorm m the Bay oi Biscay, the hailstones being as large as walnuts, 
many an inch and two of them 1^ in. in diameter. 

I might, however, fill a whole volume with notices] of very heavy, terrific, 
or tromondons falls of hail far away from land ; of stones varying in size 
from large peas to walnuts and pigeons* eggs ; and of pieces of ice np to 2 
inchos square — but the examples quoted amply suffice to prove that great 
hailstorms on the ocean are not such altogether exceptionally rare events. 

Another branch of the question is that of the distribution of hailstorms at 
sea. Mr. Russell is evidently content with tho view expressed by Prof. 
Fritz, which ho quotes at page 74 — *'Hail is confined to middle latitudes,** 
the maximum hail-fall being between the latitudes of 40^ and 60° — of course, 
on land. 

So far as my knowledge of the contents of the meteorological logs goes, 
I have no hesitation in asserting that on the open ocean hail is not only ex- 
ceedingly common in occurrence, but also more frequent and in greater 
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qaantities than on land, the rogion of abundant hail being on the polar side of 
the 85th parallel of latitude in both hemispheres, the logs yielding records 
in abundance. Between the 85th and the 80th parallels there is a percep- 
tible falling off in the frequency, but still, when we consider the latitude, it 
is by no means uncommon for vessels to be overtaken by more or less heavy 
hailstorms. Within these limits, and only on the most cursory inspection 
of a number of logs, I have noted scores of observations of hail, but I will 
only refer to a few of them to show the various localities in which they have 
been met with, as well as to prove that they are not trifling falls. 

In a strong Northerly gale on February 7th, 1876, Capt. Gillinoore, of the ship 
Melpomene, had heavy nail entered at 8 a.m. and noon, in 34}^ N., 36^° W., air 
temperature 50|°, sea 61 1^. 

Captain Rowsell, of the R.M.S. TaguSj experienced a heavy hailstorm on 
August 8th, 1888, in 84}° S., 58° W. Tentrance to the Kio de la PlaU), the thun- 
der and lightning being incessant, and the hailstones of the size of egg9. 

Daring a severe Westerlv gale on July 15th and 16th, 1855, Capt. Cowell, of 
the ship Anna, had for 14 hours a succession of hail falls in squalls and thun- 
derstorms, between 29°15' S., 40i° W., and 3(f40' S., 41° W. ; and again in the 
night of the 21st-22nd, in 34^° S., 49° W., he had heavy showers of hail and 
of sleet 

On January 13th, 1877, one of our Fellows, Capt. Greenwood, ship Gareloch, 
had a sudden shift of wind from East into South-west, with heavy squalls of 
large hailstones in 32°53' S., 29° W. 

Capt. Gray*s experience in 34° S., 28° W., has already been quoted. 

In 31° S., 27J° W., Capt. Stuart, of the ship Otago, had a heavy shower of hail 
on the morning of August 30th, 1873 ; and at midnight of September 1st, in 
32° S., 20° W., Capt. Tully, of the ship Baroda^ had very heavy hail showers. 

On June 12th, 1856, Capt. Tate, of the ship Meroo, had heavy hail squalls in 
32°56' S., 17° W. 

The log of the barque Result shows sharp squalls of hail on August 14th, 1865, 
in 33°54' S., 14° W. 

On November 24th, 1885, Capt. Russell, of the ship Khyber, had frequent 
heavy hail squalls at intervals of about 20 minutes in 34 1° S., 9° W. 

Capt. Scougall, of the barque Closehum^ had several falls of hail in 34° S., 
from 1° £. to 3i° £., on September 9th, 1891. 

A furious squall from South-west, accompanied by hail, struck the ship Rivers- 
dale, Capt. Maples, on June 16th, 1875, in 31^° S., 12° E. 

On the ship Amana^ May 15th, 1888, Capt. Becket had heavy squalls of rain 
and hail between 83}° S. and 38^° S., in longitude 15° E. ; and on June 27th, 
1878, Capt. EUery, of the ship Baroda, had heavy squalls of hail and rain in 
82J° S., 16° E., air temperature 51°-9. 

I have thus, without exhausting my list, run a line across the South Atlan- 
tic from 58^ W. to 16^ E., but in the Indian Ocean an equally complete 
chain of short links would be difficult to obtain, owing to the fact that ships 
follow closely certain well-deflned narrow tracks in making for Asiatic ports, 
and again on their homeward voyages. 

About the edge of the Agulhas Bank, off the south-east of Africa, and 
between SOP S. and 85° S., hail often falls, observers describing the storms 
as " severe,'* '* violent/' ** terrific," and so on, the stones frequently being 
noted as large. 

It will be sufficient to give an extract from the log of the barque Kingdom of 
Saxony, Capt. W. C. Smith. At 10 a.m. on July 17th, 1874, in 81°25' S., 
81°50' £., " there fell a shower of the largest hailstones I have ever seen ; not 
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like ordinary hdl, but bits of ice ; not of whitish colour, but like glass.** Next 
day, in 80^^' S., 32° E., there were squalls of yery heavy rain and naiL 

Further out on the ocean we have Capt. Quirk, of the ship Menetus^ reporting 
a severe gale with violent squalls and heavy hail showers, in 31° S., 38° E., on 
June 27th and 28th, 1856 ; and a few days later, on July 1st, in Sl°40' S^41° E., 
Capt. Liddle, of the barque Bride^ had very heavy squalls of hail and rain« 

Capt. Clement Mossop, of the ship Candahar^ on April 18th, 1868, was in a 
heavy southerly gale in 84° B., 74° E., recording squalls of hail and rain. 

At 3 a.fn. on May 20th, 1856, Capt. Fox, of the ship Arme Rayden, in 31° S^ 
81° E., noted, ** Squall arose looking very threatening, but instead of much wind 
it turned into a heav^ fall of hail, one flash of lightning, and a clap of thunder. 
This fall of hail contmued throe-quarters of an hour." 

In 32° S., 96° E., Capt. Fawcett, of the barque Staghound, on August 18th, 
1877, registered hail squalU in two observations ; and on September 3rd, 1875, 
the ship Beemah had violent hail squalls in 82^° S , 97° E., haU falling neariy 
all day. 

From these records it is fair to conclude that between 80^ and 85^ S. 
there is a possibility of meeting with bail all along the ocean from the 
American to the African, and from the African to the Australian coasts. 

Not having handled many Pacific logs entering these limits of latitude, I 
can only say that the few I have seen strongly support the records in the 
other oceans, there being records of hail in the South Pacific at different 
stages between 82° and 84"" S., from 152° E. to 95° W., an exceptionally 
severe hailstorm, extending over 24 hours, being recorded by Captain Price, 
of the barque Fto/a, on July 22nd and 28rd, 1887, in 88° S., between 106° and 
102° W. In corresponding latitudes in the North Pacific the entries seem 
to be fairly numerous in the western half of the ocean, Capt. Fawcett of 
the Staghound^ in February 1878, registering hail eight times in 11 con- 
secutive weather observations between 84° and 85° N., 178° to 180° E. 

On the eastern side of this ocean H.M.S. Satellite, on August 8th and 
9th, 1860, had three entries of hail between 29^° N., 119^° W., and 28^° 
N., 118° W., the winds being North-west to North-east light, and the air 
temperature 66°at 8 p.m., 8th, and noon, 9th, and 65° at 8 p.m., 9th. 

Having thus made it perfectly clear, I hope, that we are not warranted in 
regarding hail as an altogether unusual phenomenon on the sea in the 
Northern and Southern Hemispheres above the 80th parallels of latitude, I 
must add the few instances of falls nearer the Equator which have come 
under my notice. Of course, it will be understood that I have not attempted 
an exhaustive search of the logs handled, my original intention having been 
to obtain a general idea of the frequency of hail in the more southern part 
of the Indian Ocean, the size and distribution being an afterthought when I 
found frequent mention of storms much nearer the Tropics than the latitude 
of 40°. 

If we think of the influence of the great winter anticyclone over Siberia 
on the climate of South-eastern Asia we shall all be prepared to find colder 
weather ofi* the Chinese coast in the early months of the year than is to be 
met with in similar latitudes in other seas. This influence is strikingly ex- 
hibited in the low temperatures, and the snow and hailstorms experienced by 
ships at some distance from the land between 20° and 80° N. 
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In a strong North to North-west gale, in about SO'N, 123*' E., on February 1st 
and 2n(i, 1862, Capt. Peter Slaughter, of the ship Spray of the Ocean, registered 
16 consecutive entries of hail, sleet, or snow (8 of hail), the air temperature 
sinking to 32°. 

On February 3rd, 1856, Capt. Quirk encountered a gale in 29^ N., 124j*> E., 
with seyeral showers of hail and small snow, the temperature of the air dropping 

A degree nearer the Equator, in 122° E., on February 26th, 1886, Capt. 
Pearson, of the 8.8. StrafMeven, had constant showers of mixed haU and rain. 

Running down the Formosa Channel for Hong Kong. Capt. Metcalfe, of the 
White Star liner Oceanio, had a succession of hail showers on January 20th and 
21st, 1884. ^ 

Perhaps it goes against the grain with some, if not all of us, to admit that 
hail can fall at sea within the Tropics, bat I think we have enough data to 
show that such precipitation is possible. 

On April 30th, 1883, in 23° N., 117° E., during a moderate gale, the weather 
was dull and gloomy, with squalls of hail and yery heavy rain, temperature 
faUing from 76^ to 73°. 

Capt. Dulling, of the s.s. Port PMllip, had very dull heavy weather on 
August 24th, 1885, the sky beinff overcast with nimbus ; temperature at 4 a.m. 83°, 
8 a.m. and noon 84°. At 2 p.m. he remarked that the atmosphere was disagreeably 
sultry, with a nasty haze on the horison ; and at 4 p.m., with nimbus, amount 9, 
the weather was " oqrh," temperature 78°, the 8 p.m. reading being 84°, and at 
midnight 88°. The position at 4 p.m. was 20°58' N., 125°45' £., a considerable 
distance south-eastward from the southern extremity of Formosa. 

When, however, we go into other parts of the world, where we have totally 
dissimilar atmospheric conditions prevailing, it may not be so easy to 
accoont for hail as it is in the neighbourhood of the China Sea. 

Capt. Kerr, of the ship Ardgowan, had very heavy squalls of hail and rain on 
May 24th, 1874, in 29° S, 38J° E. 

The P. and 0. barque Jruius, Capt. Lee, was in a violent Southerly gale on 
Mav 17ch, 1866, and at 10 a.m., in 29°80' S., 41°38' E., there were showers of 
hail in tremendous squalls. At 8 p.m. and 10 p.m. on the 16th the air tempera- 
ture was 72°, but at 10 a.m. on the 17th the reading was 60°^ 2 p.m. 58°*5, 4 p.m. 
and 6 p.m. 59°'4, and at 8 p.m. 58°; sea temperature changing but slightly — 73° 
to 74° durine the day. The gale continuing on the 18tn, there was another 
severe squall with hail at 10 a.m., in 28°68' S., 40°35' E., the air temperature 
being 61°*5. These falls occurred at a distance of about 300 miles from the 
southern point of Madagascar, and about 600 miles from the African coast. 

A remarkable hailstorm was experienced by the barque Minero in the South 
Atlantic on July 6th. 1871. Throughout the preceding night the weather had 
been very bad, sky heavily clouded, with very heavy thunderstorms and rain. 
At noon, in 26°27' S., 39°49' W., Capt. Carruthers remarked, " After 8 a.m. could 
see the cum. packed in south-west horizon ; overhead covered with cloudy black- 
ness, through which you can see cum. To the west heavy black clouds which 
passed over about 11 a.m., with excessively heavy thunder and lightning, idso 
hail of extraordinary size, some of it quite half-an-inch square ; it was irregular 
in shape, and the heaviest of it lasted 10 minutes.** The temperature of the air 
was not greatly affected by this fall ; it was at 69°*9 on the 6th, at noon, and by 
4 a.m. 6th, it was 64°'2, rising to 66°'9 by 8 a.m., falling to 64°-8 at noon, and 
going up to 67^*9 by 4 p.m. Sea temperature altered venr slightly during the 
two days ; 8 a.m. of 6th it was 70°, noon 70°-4, and 4 p.m. 70°-9. 

Twenty-two miles mside the Tropic of Capricorn, in 23°6' S., 36°40' W., on 
July lOth, 1866, Capt. Co well, of the ship Anna^ entered in his weather column 
*^ c hailstones,*' and stated in the remarks, " At 6.30 p.m. we had a few hail- 
stones, weather very squally, wind from South-west to West.** Temperature at 
3 p.m. was 71°, and at 6 p.m. 69°. Five davs later, as already mentioned, the 
same ship had several falls of hail between 29° and 80° 8. 

MBW SSaiSS.— VOL. ZX4. R 



888 BABRISa— -THS FBBQUBXOT, BIZB, AND DXSTBIBnnOX 07 HAIL AT 8BA. 

Approaching BtQl nearer the Equator, my next illustration is found far out 
in the Indian Ocean, and once more our authority is Ctfpt. Greenwood, 
F.B.Met.Soc. 

On April 14th, 1878, the ship Oardoch was on the outer edge of a cyclone, the 
sky very cloudy, and the wind increasing from the Southward. At 8 p.m., in 
21°16' S., ee^W E., with wind South-south-westS— 7 ; air temperature 79** ; cloud 
form, Str ; amount 10 — 6 ; and the weather given as ** ch,** bat no comment made 
in thes pace for Remarks. At midnight, wind South-east 5 — 8 ; temperature 
77°-5 ; cloud, Str, 10 — 7 ; weather " cbg ; '' remark, " Hard squall, wind veering 
to South-east and East." Were there nothing else to guide us than the bare 
record for the day, scepticism as to the meaning of the " h " entered as above 
woald be natural, but the log itself is pretty conclusive evidence that the letter 
was correctly entered for hail, every instance, and there are many of them, of 
the weather being hazv during the voyage out and home havins '* m *' as its 
equivalent in the weather column. Even this proof may by some be thought not 
jto determine the point absolutely, for it might be argued that for once the 
observer had made a slip of the pen. As the case is manifestly a very interest- 
ing and important one, I have made assurance doubly sure by an appeal to Capt. 
Greenwood himself, and he has very kindlj^ gone into the question. The inci- 
dent having occurred more than 17 years ago, he has not trusted to his memory, 
for he does not remember it as one of the great events of his life at sea, but he 
has consulted his private journal for the period, and satisfactorily settles any 
doubt we may have on the point. He writes to me : " Although there is no 
entry in the remark column in respect to this incident, I think — nay, indeed, I 
am sure — that you may accept the entry as a genuine one, and for the following 
reason : — Throughout my meteorological work I invariably used only the letter 
*^ m ^* for mist or haze, and '* h " for hail. In this case the letter is distinctly a 
capital '* H.^* It was, and is, always my custom to put the letter as a capital 
in the weather column of my private journal or note book when the pheno- 
menon to which it relates is, what I think, extraordinary. This I evidently 
thought at the time." 

Curiously enough, the remaining tropical records are very much like that of 
Capt. Greenwood, in that they are not specially commented on in the Remarks. 

Capt. McBride, of the ship Frank Flint, entered in the weather column at 4 p.m. 
September 5th, 1875, •*gqoHl," the position being 12° 55' N., 26° 25' W. The 
conditions were unsettlea, the ship having been under the influence of a cyclone 
on the previous day, and about the time of the entry in question the wind, which 
had before been at South and South-west, came out at North, very light, the sky 
being overcast with cumulo-stratus and nimbus. The log contains several 
instances of haze represented by " m,** and hail by " h," but here the observer 
gives a heavy capital H. 

On February 6th, 1856, the ship Queen's Bill, Capt. A. D. Wood, was in a 
cyclone at the northern extremity of the Mozambique Channel. I cannot do 
better than present in tabular form the particulars as entered in the log. The 
position at noon on this date was 10° 2^ S., 43° 28' E., and at 8 p.m., 10° 59' S., 
43° 42' E. (p. 239.) 

A few days later, on the 9th, Capt. Wood remarks, "These last five days have 
been excessively disagreeable as regards weather.** It will be seen that no 
reference is made to hail in the remarks, but the general character of the 
weather points to " h '' having been used correctly. In other parts of the log 
the letter has the recognised signification, and so far as I am able to judge the 
entry ought to be accepted as a record of hail. 

The ship Seringapatfim, Capt. Carrey, had the weather ^'opqrth" on May 5th, 
1877, in 7°58' N., 74°17' E. 

Whether these are or are not intended for hail in each particular case, I think 
we must, on consideration of my final tropical illustration, banish the word 
"impossible" from our minds. I find Capt. Houston, of the ship Florence, 
giving the following significant facts in his log for May 29th, 1871. At 8 a.m. 
the ship was 10 miles south of the Equator, in longitude 90°23' E., with "very 
heavy rain which was like ice drops." From 4 a.m. to 8 p.m. the temperature 
of the sea water was 84°, the air temperature being 80° at 4 a.m., 78° at 8 a.m. 
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■nd 61° at noon and 4 p.io. When, however, the temperatnre of the rain 
water was taken it was found to be 62°, or 32° colder than the tea. There ia 
nothing in the lag to show whether the temperature was that of the rain as it 
fell, or whether it was obtained bj collecting a quantity of water in a bucket or 
some other vessel. In the latter case we can quite nuaerstand that a delaj of a 
few minutes would mean a difference of some degrees in the record. Taken aa 
it stands, the observation is one which indicates that we are not to be astonished 
if some day we unearth a notice of a hailstorm at sea right on the Equator. 

As regards the qnestion of poUr frequency, Mr. Bassell oonclndea (page 
62) that " Hail is almost or quite nnknown in the Arctic Regions," and that 
" ThDaderstorms may be sud to be equally rare ; " and on page Ifil we are 
told that " la the Arctic R^ons hail is almost unknown." Now Arctic and 
Antarctic observations are not so numerous as to justify onr arriving at any 
definite decision. .The few logs I have handled for latitudes between 60° and 
65° in the Northern and Southern Hemispheres contain a fair sprinkling of 
hail records, but of Arctic logs I have only chanced to alight on one — the 
meteorological register kept by Mr. Arnold Pike on the yacht Siygtn during 
a northern cruise in 1S94. 

On May 16th, In 73° N., 18° E„ there were showers of snow and hul at 6 a.m. 
and noon. At noon on the 22nd " a very little soft hail fell ; " at 8 p.m. showera 
of soft hail ; neit day at 6 p.m. " very fine snow, resembling imall hail ; " and 
8 p.m. ditto, the ship during theiie two days being between 76^° and 76^° N, 
14° and 16" E. Off the southern cape of SpiUbergen at 4.20 a-m. on June lat, 
Mr. Pike recorded " snow or ice, like pieces of horsehair, about i-in. long, fell 
for 10 minutes," and from 4 a.m. to 10 p.m. " a very few Salces of anew or ice 
at times." At 9.15 p.m. on the 3rd, in the same place, he had " slight snow 
until 11.30 p.m. {like short pieces of hair)." On August 19th, in 72*° N., 
3CJ° W., there was distant thunder in east. south-east at 6 p.m., and at midnight 
there is a remark "distant thunder in south-east all the afternoon. From 
10 p.m. to 10.40 p.m. a severe thunderitorm, with rain, passed overhead from 
south-east to north-west." 

Far be it from me to accept this record as deciding that every ship going 
beyond the latitude of 70° must necessarily experience hail and heavy 
thunderstorms, I merely give the facts to show that the phenomena are at 
least not " quite unknown " — an occasional visitor can prove nothing more. 
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I have now shown that hail is possible at sea in all latitudes as fur as 
ships go north and south of the Equator, and thai over wide belts on the 
polar side of the 85th parallel it is familiar to seamen. What we want next 
is a theory which can be reconciled with the abundant testimony avulable. 



NoTX. — JuMB 19th, 1895. 

Since this communication was placed in the list of Papers for diseussioa 
at this Meeting, I have consulted the following publications containing infor- 
mation bearing upon the question of hail at sea :— > 

(1.) Remarks sxplanatory of the Chart* of Meteorological Data for the 
Ocean Dietrict adjacent to the Oape of Good Hope, Official No. 48, pub- 
lished by the authority of the Meteorological Ciouncil. Appendix II., pp. 
78-84, gives, in tabular form, the frequency of the various weather elements, 
clouds, &c., in spaces of 5^ of latitude by 10° of longitude for each mouth 
of the year. There are a number of instances of hail forming from 10 to 
81 per cent, of the weather observations. 

(2.) Die AequatorialgrenMC dee Schneefalls^ a paper by Herr Hans 
Fischer, in the Leipzig Mittheilungen dee Vereine fur Erdkunde for 1887, 
pp. 99-274. This is a discussion of the equatorial limits of snow on land 
and sea, but Herr Fischer has included a large number of hail records in 
the extracts he gives from the meteorological logs at the Deutsche Seewarte 
and from other sources. They are tabulated separately for each ocean for 
the winter months, and in the main confirm the results arrived at in this 
paper. In the North Atlantic he gives hail down to latitude 82° N., in the 
North Pacific to 81° N., in the South Atlantic up to 84i° S., and in the 
Indian Ocean to 88° S. 

(8.) Waamemingen in den Indischen Ocean, Eoninklijk Nederlandsch 
Meteorologisch Instituut, Utrecht. This publication is to consist of four 
volumes of charts showing, for the Indian Ocean, the results obtained from a 
discussion of various meteorological data, the two volumes representing re- 
spectively the months December to February and March to May having 
already been issued. One chart is devoted to hail percentages, and from 
this it is evident that over such a long period as three months there are por- 
tions of this open ocean, far removed from land, where hail forms 25 per 
cent, and upwards of the weather records. 

Having given only one reference to North Polar observations, it may be of 
interest to add another for the Antarctic regions. In the log of H.M.8. 
Terror I find several entries of hail beyond the 60th parallel to within 16° 
of the South Pole, or nearly to the most southern point reached by Sir 
James Boss. Hail was experienced on January 2l8t, 1841, in 74° 12' S. 
170° 45' E., and on February 25th, 1842, in 74° 12' S. 167° W.— H. H. 
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DISCUSSION. 

The Hon. F. A. B. Bussell said:— In the first place I wish to express the 
pleasure with which I have heard the paper which has just been read. It deals 
with a subject on which hitherto very little light has fiEdlen from authentic 
sources, and certainly no such maritime records as have been quoted were 
within mv knowledge when I wrote my book On Hail, Now it appears that 
mariners have for more than 40 years been registering systematic observations 
for the Meteorological Office, and that several thousands of logs, some of which 
make mention of a phenomenon such as hail, are stored in Victoria Street. 
These logs must contain many treasures, and one can only rejoice when, as we 
have seen to-night, these "gems of purest ray serene** are brought to the surfiEboe 
and set in the sunshine of our Society. 

Before proceeding to discuss Mr. Harries* paper, it may be well to distinguish 
— for perhaps I have not sufficiently done so m my book— between large and 
small hail. It was the large or summer hail with which I dealt ; disregarding 
the small hail, graupel, or sleet, of cool climates or seasons. Mr. Scott, in his 
Elementary Meteorology^ says, ** Soft hail fieJls chiefly in winter and spring. 
True hail is a very different thing. It is usually composed of concentric layers 
of hard and soft ice,*' &c. . . "In these islands, fortunately, we know but uttle 
of destructive hailstorms. On the Continent we are almost everywhere met by 
the frequent advertisements of Hail Insurance Offices, which are comparatively 
rare here. This immunity of ours is due to our insular climate, and its conse- 
quent freedom from extremes of temperature." 

Only two instances, Mr. Harries states, are given in my book of a hailstorm 
on the water, and he then infers that since the extracts cover a period of more 
than two centuries, it is not surprising that I should have decided that " in mid- 
ocean it is almost unknown.'* Yet I know well that many great hailstorms 
might occur at sea, while an accurate description of one of them mi^ht still be 
wanting. Further, when referring to my " Summary of Characteristics of Hail- 
storms and Hailstones," he quotes me as having written **in mid-ocean it [hail] 
is almost unknown." The actual words are different: "In mid-ocean it is 
unconunon,*' the previous sentence being, " In the Arctic regions hail is almost 
unknown," so that a distinction is dearlv drawn between " almost unknown " 
and " unconunon." Then he speaks of we upshot of theories and conjectures 
discussed in the book resolving itself into a law which declares (p. 2012) that 
" the equability of the ocean temperature and the usual absence of comparatively 
very cold masses of air at a high level will rarelv allow the development of great 
hailstorms over the open sea." I have said notning of law. This is an opinion, 
and I am inclined to defend it. 

To show that the subject which I treated of was larse hail, I would ask the 
Fellows to observe that in a large number of cases of hailstorms described the 
measurements of hailstones are f^iven. In going through these accounts, I find 
that in 68 out of a total of 61 hailstorms noted in the mX chapter, there is clear 
testimony to the hail being of very large size, such as nuts, walnuts, eggs, 
apples, oranges, and up to 12 inches in circumference. On the other hand, the 
great majority of the data extracted from logs in this pa^r seem to be reports 
of small hail. When one observer gives 116 records of nail while running about 
two-thirds round the southern hemisphere, we can hardly suppose that anything 
but either small hail or sleet is referred to, else the deck would have been cleared 
of its crew. The hail at Kerguelen on 24 days out of 70 fell in May and June, 
the beginning of winter or end of autumn. For my part I should never think 
of doubting that small haU may be very common m mid-ocean, both in the 
northern and southern temperate zone. I have myself experienced dense hail- 
storms in the extreme north of Scotland in September, but have not mentioned 
this in my book. 

Further on, Mr. Harries adds to his previous misquotation by attributing to 
me the theory that hail at sea "is almost unknown," where " almost unknown'* 
should be "uncommon,** and "at sea" should be "in mid-ocean." His oon« 
tention, however, is perfectly clear, and no doubt at variance with the belief 
expressed in my book, for he says that " great hailstorms are often met with on 
the open ocean.'* He then gives a number of examples of great hailstorms 
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dnrinff a period from 1867 to 1891. Twelve of the twenty-two mentioned were 
great hailstorms within my meaning of the term. But were these twelve "in 
mid-ooean *' ? No. 1 (Capt. Jeffery) certainly was in mid- Atlantic. The only 
indication of the size of the haiLstones is the word "immense." No. 2 (Capt. 
Peebles) occurred apparentljr about 800 or 400 miles from the African continent, 
which I should hardly describe as mid-ocean. I pass by the Shun Lee observation, 
for though it was in mid-Atlantic, the hailstones were only as bi^ as large peas. 
No. 8 (Capt. Gray) was venr near Gape Horn, and No. 4 (Capt. Gray) apparently 
within about 200 miles of land. No. 5, in 42^ 8. 60° W., was about the same 
distance from land. No. 6 (Capt. McRitchie) was apparently about 200 miles 
fit>m land. No. 6a (Capt. McRitchie) was a good instance, say 1,000 miles 
fit>m land. No. 7 (Capt. Gales) was close to Cape Horn, and the same remark 
applies to the next observation made by his brother near the same position, an 
interesting note of ** large snowballs'* in October. No. 8 (Capt. Kerr) was appa- 
rently 100 or 200 miles from the Cape of Good Hope, a fall of pieces of ice of 
great size, about 2 inches square, accompanying a waterspout and a terrible 
flash of lightning. No. 9 (Capt. Wight) was in a similar position. No. 10 
(Capt. Wilson) was in mid-ocean, but the splinters of ice were only half-aninch 
in length. No. 11, in the Bay of Biscav, was apparently about 150 miles from 
the coast of Brittany. The distances from land above given are merely from 
rough measurements on a chart, but I hope not very far wrong. The only other 
hailstorms of a severe character, as regards the size ai hailstones, mentioned in 
the remainder of Mr. Harries' paper, are one observed by Capt. W. C. Smith, 
dose to the coast of Natal, and one by Capt. Carruthers, about 400 miles from 
the South American coast. In this case the hail is described as of an " extra- 
ordinary size,'* but the largest seems to have measured no more than " half-an- 
inch square.'* 

Thus we have finally a record in this paper of 14 hailstorms at sea, which by 
the test I have mentioned might be described as great. Of these, only four seem 
to have been more than about 800 miles from laud, and only three more than 
about 400 miles from land. These three are Capt. Jeffery's of March 14th, 
1888, in 41° N. 48° W. ; Capt. Wilson's (pieces of ice like splinters ( in. in 
length), in 41° S. 49° £. ; and Capt. McBitchie*s (" hailstones as large as mar- 
bles"), in 88° S. 2° E. Thus no record remains of hailstones in mid ocean, or 
more than 500 miles from a continent, in which the hailstones were more than 
^ in. long. And I have seen no account of great hailstones of such a size on 
any of the small non-mountainous islands lying in the vast central areas of the 
ocean. On the other hand, in the 61 instances I have p^ven of storms on land, 
the average size of the hailstones would be about 1^ in. m diameter ; many were 
over 2, and some over 8 ins. 

The influence of a continent is certainly considerable within 500 miles distance 
on the ocean : firstly, by reason of the masses of heated or cooled air which may 
be transported so fax in a single day ; and secondly, perhaps principally, in rela- 
tion to nail, by recMon of their deflecting great ocean-currents so as to bring 
warm and cold waters alongside each other. Southernmost Africa has the effect 
of bringing the equatorial and polar currents into proximity within a few hun- 
dred miles south of the land, and it is not surprising that the resulting differences 
of neighbouring air masses should give rise to storms. Similarly, the dense fogs 
off the coast of Newfoundland and a long way out to sea are produced by the 
deflection of an Arctic current so as to flow along the borders of the warm 
current from the south. 

Mr. Harries has proved in this paper that hail has often been encountered at 
sea, and especially that certain large areas, such as the tract of ocean south and 
south-east of the Cape of Good Hope, are subject to great hailstorms, and I 
fuUy admit that he has shown these to be more prevalent than I had supposed, 
and acknowledge the value of this interesting contribution. 

Capt. M. W. C. Hepwobth said: — Being one of those who for years have been 
keeping some of those '' gems," as Mr. Busseli has satirically termed them, I 
wish to say that we who have been keeping these Meteorological Logs have 
been under the impression that we were materially aiding in the good cause. 
The wind and current charts I would remind Mr. Russell were drafted from logs 
kept by seamen. Hail is by no means an uncommon occurrence at sea, and 
even in the tropics I have seen it more than once. 
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Daring a thunderstorm in the Bed Sea, when the Telegraph Steeimer 
Bibemia was laying the duplicate Bomhay Cahle in 1876, hail fell. In a 
private abstract log of mine observations of weather are recorded daily for noon 
at sea for many past years. 

Bain, hail and snow occur less frequently at sea at about noon than at any 
other period during the 24 hours, so that although my records do not support 
Mr. Harries* contention as regards the frequency of hail at sea, the position in 
which they were recorded may be considered, and as bearing upon the subject. 

By referring to my abstract I find that in 1,526 days at sea hail was recorded 
at noon 21 times. My abstract is of voyages made to many parts of the world ; 
but I should mention that 13 passages were to Australia via the Cape of Good 
Hope, and that 12 of the return passages were made via the Suez Canal, and 
one trid Cape Horn. Other voyages were to India, China, Japan, the Straits 
Bettlements, America, and other parts. 

Out of 21 h*s that I find recorded at noon, 14 are in the South Indieui 
Ocean between Cape Point and 46° S., three in the South Pacific Ocean, between 
New Zealand and 67° S. — on the only passage home made that way,— and four 
in the North Atlantic between Ushant and 40^ N. The 17 cases of hail at 
noon recorded in the Southern Oceans occurred either in the trough, or imme- 
diately in rear of the trough of systems of low pressure. 

. Hail- squalls are common enough on the North Atlantic on the '* Ash Tracks " 
. — if I may use a sailor's expression — between England and America. I can 
vouch for that. 

Mr. H. Harries, in reply, said that in quoting from page 154 of On Hail, he had 
inadvertently taken ** almost unknown " from one line instead of '* uncommon " 
in the next. The correction, however, introduces no difficulty, for it is now 
shown that hail is one of the most common of the phenomena recorded in 
manv parts of the open ocean. With regard to Mr. Bussell's view that we 
should take the expression ** mid-ocean " in its narrowest sense, it is sufficient 
to say that ships usually follow certain well-known tracks, and it is only by 
chance that the centre of any particular ocean is visited : see page 8 of the 
Report of the Meteorological Council for the year ending March 81st, 1889, where 
it IS stated that '* the anticyclonic regions of the great oceans, . . . charac- 
terised by calms and light winds, are practically avoided by navigators." Then 
as to the suggestion that great hailstorms should be considered as storms in 
which the hailstones are very large, he (Mr. Harries) doubted very much 
whether anyone would support that view. Many English and Continental 
hailstorms are very severe and very destructive, and yet the stones are of the 
most ordinary size. The violent storm which burst over Vienna and other parts 
of Austria a year ago does not appear to have been remarkable for the size of 
the stones which fell, but it certainly was a very great hailstorm for all that, the 
gauges registering from 1 in. to 1} in. of water in little more than half-an-hour. 
The 2 ins. of hail in a few minutes noted by Capt. Grav, and the 3 ins. in 20 
minutes by Capt. Holdich, nearly 1,200 miles from the Brazilian and New 
Zealand coasts respectively, would have been considered perfect avalanches had 
they occurred anywhere on land. There is no necessity to enter into details as 
to ships and dates, but the logs show that tremendous falls of hail, large hail 
noted in many cases, occur in the North Atlantic between 25° and 40° W., in the 
South Atlantic between 10° and 30° W., in the Indian Ocean between 60° an 
100° E., in the South Pacific between 90° and 160° W., and in the North Pacific 
about the longitude of 180°, in positions which are from 1,000 to 2,000 miles 
from the nearest Continental land. Beference is made in the paper to a ship 
recording hail 96 times in crossing the Indian Ocean. The log shows the 
heaviest fall, the entry being underlined three times, to have been during 
violent squalls in 48° S. 52° E., or about 1,300 miles from the African coast. 
What would appear, from the similarity of the records, to have been a hail- 
storm of immense area was experienced by two vessels during a heavy Westerly 
gale in mid-ocean in July 1877. The ship Taranaki had excessively violent 
squalls of hail and rain at 4 p.m. on the 1st in 41 i° S. 56^° E., and out of 
21 weather entries down to midnight of the 4th, in 40^° S. 77° E., a run of 
950 miles, hail was registered 14 times. The ship Pomona ran into the heavy 
hail squalls at 4 a.m. on the 2nd, in 46}° S. 71° E., and out of 24 weather entries 
down to midnight of the 5th, in 471° S. 96}° E., a run of 1 000 miles, hail 
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was regifliered 16 times. The heaviest part of this hailstorm was at abont 
2,000 miles from the African and Aostraliim coasts respectiveljr. It will be seen 
that the noints at which the vessels first encountered the hail were 700 miles 
apart, and the points at which the hail ceased 900 miles apart. It might be of 
interest to note that whOe on land the tendency is for hailstorms to occur in the 
afternoon or evening, the evidence in the logs shows that at sea, where the daily 
raiige of temperature is comparatively very small, they seem to be fairly dis- 
tributed over the 24 hours, oftian with and ofben without thunder and lightning. 
We sometimes read of rain frx>m a cloudless sky ; but in the course of this in<juiry 
he (Mr. Harries) had only noticed one instance of hail under similar conditions. 
In September 1888, in Sl^'' S. 68}° W., the barque Caldbeck had a succession of 
heavv hail squalls for about eight hours, the cloud-form being *' cum," amount 2, 
weatner " b h,** three entries of each, the observer remarking that the " cum *' was 
on the horizon, the sky aloft being dear. Gapt. Hepworth has mentioned a 
£eJ1 of hail in the Bed Sea, but the log of the ss. HibmUa for November 16th, 
1876, while it describes a severe thunderstorm with vivid forked lightning and 
very heavy rain between 9.80 and 10.80 a.m. in 21° N. 88° E., does not make any 
mention of hail. There was, however, a sharp drop in the shade temperature-* 
8 a.m. 88°-6; noon, 88°- 2; 4 p.m. 86°-6. 

Gapt. D. Wilson-Babkeb wrote that he had not been struck by any ap- 
parent difference between the amount or frequency of hail at sea and on land. 
He sent the following extract from a letter he had received from Gapt. D. 
Morton, of the Telegraph Ship Dacia^ June 14th, 1895 : — '' On February 5th 
last, while repairing the Spanish National Gable, we had to seek shelter m the 
Port of Mazighan,* in lat. 88°15'-6'' N. long. 8°26'-6" W. On the morning of the 
6th, about 10.80 a.m., we experienced a heavy fall of hail, which lasted for 
about 10 minutes, the hailstones being the largest I have ever seen, being about 
the size of marbles. The barometer on board at this time stood at 129*515 ins., 
dry-bulb 57°*5, wet-bulb 57°, wind fresh from West. The fietct that such a thing 
was unknown in this port at any former time may make it interesting.** 

Admiral J. P. Magleab, who was unable to remain for the discussion, wrote 
that he had examined the Challenger observations during her 8^ years' cruise, 
and found* six entries of hail, viz. January SS7th, 1878, 60 miles west of Gibral- 
tar : 8 p.m., hail squall from West-north-west ; May 15th, 1878, at Halifax : 
" h " recorded one hour ; January 5th, 1874, lat. 48° S., long. 62° E. : lOJp.in., 
heavy hail squall, during which wind shifted to South-south-east; January 
22nd, 1874, at Kerguelen island : 1.80 a.m., a sharp hail shower ; January 25th, 
1876, at Port Stanley, Falklands: *'h*' recorded one hour ; February 10th, 1876, 
lat. 44° S., long. 56° W. : 0.80 a.m., a hail squall, 7.80 p.m., heavy squall with 
haiL 

Coast of Morocco. 



PftOOBKDlNGS AT HKSTIKOB. 246 



PROCEEDINGS AT THE MEETINGS 
OF THE SOCIETY. 



May ISth, 1895. 

Ordinary Meeting, 

Richard Inwardb, F.R.A.S., President, in the Chair. 

Lt.Col. Harloven Morley Saunders, Oakfield, The Park, Cheltenham, 
was balloted for and duly elected a Fellow of the Society. 

The following communications were read : — 

"The November Floods or 1894 in the Thames Valley." By G. J. 
Symons, F.R.S., and G. Chatterton, M.A., M.Inst.CE. (p. 189.) 

"Barometrical Changes preceding and accompanying the Heavy 
Rainfall of November, 1894." By F. J. Brodie, F.R.Met.Soc. (p. 209.) 

"A Natural Thermometer." By Rev. Fenwick W. Stow, M.A., 
F.R.Met.Soc. (p. 214.) 



Jane 19th, 1895. 

Ordinary Meeting, 

Richard Inwards, F.R.A.S., President, in the Chair. 

Stratton CoLLiNGS Knott, H.B.M. Vice-Consul, Mojanga, Madagascar; and 
Roland Fillings, F.R.A.S., Secretary, Meteorological Commission, Cape Town, 
were balloted for and daly elected Fellows of the Society. 

The following communications were read : — 

" Hourly Variation op Sunshine at Seven Stations in the British 
Isles " By Richard H. Curtis, F.R.Met.Soc. (p. 216.) 

"The Frequency, Size, and Distribution of Hail at Sea." By Henry 
Harrier, FJl.MetSoc. (p. 230.) 
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CORRESPONDENCE AND NOTES. 

Weather Bnreai!, Washington. — Prof. Mark W. Harrington has retired 
from the post of Chief of the U.S. Weather Bureau, and Prof. Willis L. Moore 
has been appointed as his successor. 

Prof. Moore entered the Signal Sendee School at Fort Myer in 1876, and 
ranked second in a graduating class of thirty members. In 1886 he was made 
a Sergeant on account of his having devised certain improved methods of issuing 
the daily weather forecasts and maps. After being stationed at Chicago, 111., 
and Albany, N.Y., Prof. Moore was transferred to the Central Office in Wash- 
ington, where he remained till 1891. In that year he was transferred to 
Minneapolis, Minn., and later to Milwaukee, Wis., at which places he was Local 
Forecast Official and Director of the State Weather Services. During the past 
year Prof. Moore entered the competitive examination for a professorship in the 
Weather Bureau, and attained the highest rank among the ten candidates who 
had stood best in the examination, and were therefore selected to compete in 
practical forecasting. His attainment of this rank gave him the professorship. 
Since his appointment as professor, the present Chief of the Weather Bureau 
has been Local Forecast Official at Chicago, 111., where during the past winter 
he made a very fine record in his cold wave forecasts. — American Meteorological 
Journal, 

The Bonnblick Observatory. — A general meeting of the SonnbUck Verein 
was held on April 6th. The President, Colonel Edler von Obermayer, was able 
to report an increase in the number of members, but urged the necessity of 
obtaining still wider support in the future. A paper on the scientific results of 
the Sonnblick observations up to the present time was read by Dr. W. Trabert. 
First must be placed the startling result reached by Hann, chiefly from a discussion 
of the Sonnblick observations, that the central column of air in a cyclonic system 
does not ascend by reason of relatively higher temperature, being in fact, colder 
than the air surrounding it ; nor does the air in the descending current of an 
anti-cyclone attain its greater relative density by reason of lower temperature. 
This conclusion produced almost a revolution in the domain of dynamical 
meteorology, as it was practically a death- blow to what was known as the con- 
vectional theory of cyclones. Dr. Trabert gave an account of some researches 
made by himself on the warming of the air by direct absorption of the sun's 
heat at a mountain summit. The results which have already been published in 
full, show that, as at lower levels, the air is chiefly warmed by convection from 
the earth's surface. Hann has further succeeded in estimating the daily range 
of temperature in the free air not affected by ascending and descending currents 
from mountains — an investigation which was always supposed to involve observa- 
tions from balloons. In a zone such as that between the summits of the 
Sonnblick and Mont Blanc, the daily range was found to amount to only 1°C. 
Hann further points out than the Sonnblick observations agree with those of 
other mountain stations in throwing considerable doubt on modern theories 
explaining variations of wind velocity, investigations more in the domain of 
pure physics have been made by Elster and Geitel, on the nature of St. Elmo's 
fire, the atmospheric absorption of the ultra-violet rays, etc. Trabert and 
Pernter are at present engaged in an extensive work dealing with the general 
geographical relations of the results just enumerated. — The Geograjihical 
Journal, 

A High-Level Observatory in Tasmania.— In May last Mr. Clement L. 

Wragge induced the Government of Tasmania to establish a meteorological 
observatory on Mount Wellington, four miles in a straight line from Hobart. 
At the Springs, 2,495 feet above sea level, Constable Gadd's quarters were fixed 
on as a half-way observatory, and thermometers and a barometer will shortly be 
placed there. Later on a barograph, thermograph, and hydrograph will be set 
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tip at the Springs. When the party arrived at the summit, 4,166 feet above sea- 
level, a cairn already commenced to protect the instruments on a pile of jagged 
rock, 150 yards west of the pinnacle, was completed. Here the instruments 
were placed, most of them self -registering, and of the latest and most approved 
types, an enlarged Stevenson screen being used for the thermometers, as at 
Hobart and the Springs. In the meantime they will be read once a week, but a 
permanent observatory is in course of erection, and, when it is finished, observa- 
tions will be recorded daily. The thermometer on the summit marked 42° 
at 3 p.m. Mr. Wraffge was assisted in carrying up the instruments by Mr. 
Kingsmill, of the Hobart Observatory, and by Captain Balfour, of the Penguin, 
who placed six sailors at his disposal. — Scottish Geographical Magazine, 

Fogs in the North Atlantic. — in the Pilot Chart for July the U.S. Hydro- 
graphic Office gives twelve monthly charts, which represent graphically the 
regions where fog was experienced most frequently on the North Atlantic 
daring 1894, as shown by reports from the voluntary observers of the Hydro- 
graphic Office. This year can be taken as a typical one to illustrate the fog 
areas at the different seasons. During January, February, and March, fog is 
experienced on the Great Banks, and to the westward, but not in lar^e quantities. 
During April it begins to extend to the northward and eastward, increasing in 
freqoency as the spring advances, and reaching its maximum generally in June 
or July, during which months it may be expected anywhere between the Ameri- 
can coast and the British Isles in large areas and of long duration. In August 
the fog begins to dissipate in the eastern part of the ocean, and in September 
the decrease is very perceptible. During the remaining three months it falls to 
the minimum again. 
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jimerican Meteorological JoumaL June-Aagust 1895. Svo. 

The principal articles are :— The Thermophone: by H. E. Warren and G. C. 
Whipple (16 pp.). This is a description of a new instrument for obtaining the 
temperature of a distant or inaccessible place. The authors also give an account 
of some observations which have been made with the instrument on the 
temperature of surface waters. — California electrical storms : by J. D. Parker 
(5 pp.). — The Augusta, Ga.. tornado of March 20th, 1895 : by W. J. Wambaugh 
(6 pp.). — Psychic effects of the weather : by C. A. Beals (7 pp.^. — The geogra- 
phical distribution of the maximum and minimum hourly wind velocities, and 
their relations to the average daily wind velocities for January and July, 
for the United States : by Dr. F. Waldo (15 pp.). — Relation of clouds to rainfall : 
by H. H. Clayton (7 pp.). During 1887 and 1888 hourly cloud observations 
were taken at the Blue Hill Observatory, with but few omissions, for 16 hours 
of each day between 7 a.m. and 11 p.m. From an analysis of these observations 
the author is of opinion that cloud forms cannot in general be used in predicting 
rain for an interval exceeding 24 hours, but for a few hours in advance the 
existence of certain cloud forms frequently furnish the individual observer 
more reliable indications of the coming rain than does the weather map. If the 
detailed cloud forms, the pressure, wind, cloud movements, humidity, &c., were 
considered, the forecasting value of the clouds would no doubt be considerably 
increased. — ^The meteorograph for the Harvard Observatory on £1 Misti, Peru: 
by S. P. Fergusson (4 pp.). As it is impossible to maintain observers on the 
summit of £1 Misti, which is 19,300 feet above sea-level, this special self-recording 
instrument has been devised for use on the mountain. The clock is intended to 
ran for four months without re-winding, and one year*s supply of paper can be 
placed upon the rolls at one time. — £lectrical phenomena in a dust storm : by 
F. P. GuUiver (6 pp.). 
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Annuaire de la SoeUU MStSorologique d$ France. December ISM-Janoary 
1895. 4io. 

Contains : — ^Distribation annaelle des orages k la surface da globe terreatre : 
par A. KlossoYskj (4 pp.). — Sar Taarore bor^ale da 13 novembro 1894: par A. 
Angot (2 pp.). — Notes sar la photographie des Naases : par A. Angot (5 pp.). — 
De la dnr6e de le plaie en heures aa Pare Saint Maur et k Perpignan : par P. 
Cosardevache (4 pp.). — Variation diame de la fr^qaence de la plaie : par P. 
Coeardevache (2 pp.). — Eclairs da 19 d6cembre 1894 : par M. Tardy (2 pp.). — Les 
orages i Montdidier (Somme), d*apr^s les Drs. Chandon : par V. Ramin (8 pp.). — 
Sar la dimination progressive des plales dans le Calvados : par G. Gailbert (3 pp.). 

BrUUh RainfaU, 1894. CompQed by G. J. Symons, F.B.S., and H. 
SowE&BT Wallis. Svo. 1896. 

This work increases in valae year by year. It was started in 1860 with 
records from 168 stations. The present volame for 1894 contains records from 
3,043 stations. Notwithstanding this large increase, more stations are required 
in Scotland, and especially in Ireland. 

The total rainfall over the British Isles for 1894 was about 6 per cent, above 
the average. The greatest rainfall was 166*22 ins. at The Stye, Cumberland, 
and the least 18'56 ins. at Leicester. The heaviest fall in one aay was 7*74 ins. 
at Ben Nevis Observatory on February 6th. 

In addition to the usual information on the rainfall for the year, the volume 
contains articles upon various branches of rainfall work, among which may be 
mentioned "The Dryness of years ending with 4,** and '*The October and 
November Floods." 

Journal and Proceedings of the Royal Society of New South Wales. Vol. 
XXVni. 1894. 8vo. 

Contains the following articles on meteorological subjects : — An Essay on 
Southerly Bursters : by H. A. Hunt (48 pp.). — Current Papers : by H. C. 
Russell, F.K.S. (12 pp.). — A Map, showing the average Monthly Rainfall in 
New South Wales : by H. C. Russell, F.K.S. (3 pp.). — On a new Velocity 
Recorder and its application to Anemometry and other purposes : by J. A. 
Griffiths (9 pp.). 

Meteorologische Zeitschrift. Redigirt von Dr. J. Hanm and Dr. G. Hellmanm. 
May and Jane 1895. 4to. 

The principal articles are: — Wolkenbildung durch das Nordlicht : von Dr. A. 
Paulsen (9 pp.). The author cites numerous utterences of older writers like 
Bravais and Weyprecht on the analogies between auroras and certain cloud forms. 
It is well knovm to most observers that cirrus cloud occasionally appears just 
like the rays of an aurora, and Dr. Paulsen quotes reports from Dr. Hildebrandsson 
of luminous clouds which appear and disappear suddenly : and he endeavours to 
prove that all the clouds which resemble auroras are really only ordinary clouds 
of water or ice dust, which owe their existence to the auroral discharge, and are 
illuminated by it. It is a known fact that the discharge from a cathode, when 
absorbed in the atmosphere, generates ozone freely, and this condenses aqueous 
vapour. If we imagine an aurora immoveable, it would envelope itself in a 
cloud, and accordingly Weyprecht*s statement that auroras which are indistinct 
have no action on the magnetic needle appears well founded. The aurora, 
according to Dr. Paulsen, is closely similar to the cathode discharge. — Ueber 
die Ermittlung der Temperatur und Feuchtigkeits-Unterschiede zwischen 
Wald und Feld : von E. Ebermayer (6 pp.). This is an interesting account of 
observations carried out by means of Assmann^s aspirator at Eberswalde. These 
show very much lower differences between the forest and the clearances than 
resulted from the ordinary thermometer screen. But Dr. Ebermayer goes on to 
show that this result is mainly due to the type of screen in use in North 
Germany, and that the results obtained from the mode of exposure in Bavaria 
agree very closely with those obtained by the aspiratine apparatus. — Der Fohn 
Yom 13 Januar 1895 am Nordfuss der Alpen and aie Bildung einer Theildeprea- 
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sion daselbst : von R. Bill wilier ^9 pp.). This is an interesting account of the 
appearance of the fohn in Switzerlana in the middle of January. Dr. Bill wilier 
describes the conditions prevailing over Central Europe during the frost of the 
first part of January, and shows how the appearance of a depression off the 
West of Ireland gradually made its influence felt as far as Switzerland, and 
drew the air over the Alps. The fohn appeared first at the lowest pass of the 
St. Gothard, and subsequently at others, fallowing according to their altitude. 
According to the author, the fohn distinctly gave rise to a secondary depression 
over Switzerland, whereas M. Hubert, in his paper on the f5hn and sirocco, 
states that the local depression produced the fohn. 

Sitzungsberichte der kaUerlichen Akademie der Wissenscha/ten in Wien, 
Band CIV. Abth. II. AprU 1895. 8vo. 

Contains a paper by Dr. Hann, '* Die Verhaltnisse der Luftf euchtigkeit auf 
dem Sonnblickgipfel " (51 pp.^. This is an analysis of the records of a Richard 
hydrograph, which has been m use at the observatory on the Sonnblick since 
&(eptember 1898, so that twb full winters have been available for the discussion. 
Dr. Hann expresses himself as thoroughly satisfied with the performance of 
the Richard instrument, having compared it carefully with Koppe^s hair hygro- 
meter, and with the dry and wet bulb psychrometer. He points out that as a 
rule at mountain stations the annual course of relative humiditv is the opposite 
to that which prevails at low level stations, for the minimum falls in winter and 
the maximum m summer. The author fives tables of the diurnal range of the 
relative humidity in the different mon&s and its relation to sunshine, and to 
clear and cloudy days respectively, and concludes the paper with a discussion of 
the phenomena observed duritig periods of great dryness. 

Symaru^a Monthly Meteorological Magazine, June-September 1895. Svo. 

The principal articles are : — Rainfall Observations in China, 1886-92 : by M. 
le Prof. Raulin (3 pp.). The author has summarised the observations collected 
and published by Dr. Doberck, of the Hongkong Observatory. The mean 
annual rainfall is small in the itorth, and increases greatly towards the South. 
From about 20 inches in the Gulf of Pe-chi-li it becomes double that in the Delta 
of the Yang-Tse-Kaing, and going about 500 miles up the river it is 58 inches 
at Hankow. Continuing along the coast it is about 45 inches, but reaches 68 
inches at Ningpo. At Canton it is 66 inches, in the north of the island of 
Hainan 54 inches, in Formosa it ranges from 60 to 90 inches ; but at Keelung 
the norUi-east point it reaches 148 inches. — Earth Temperature and Water 
Pipes (2 pp.). — ^The Dryness of the first half of 1895 (3 pp.). It appears that 
the ffreatest deficiency of rainfall was slightly to the north-east of London. — 
LodeUble Degree Marks on Thermometers (2 pp.). This describes an invention 
recently brought out by Mr. J. J. Hicks for securing an imperishable scale for 
thermometers. — ^The Rainfall of Belgium (4 pp.). — Aqueous Vapour and Tem- 
perature : by J. R Sutton (3 pp.). — ^The Yorkshire Whirlwind of August 10th 
(5 pp.). — Temperature of European Rivers : by H. N. Dickson (2 pp.). 
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